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. Original Communications 

CREATION OF A TEMPORARY ARTIFICIAL DUCTUS FOR 
THE SURGICAL CORRECTION OF VENTRICULAR 
SEPTAL DEFECTS ASSOCIATED WITH SEVERE 
PULMONARY HYPERTENSION 

A Two-Stage Operation 

Howard D. Sirak, M.D. (by invitation), and Don M. Hosier, Al.D. 

(by invitation), Columbus, Ohio 

W HEN an intervcntrieulai- septal defect is associated with severe pulmonary 
hypertension, surgical correction has resulted in a high operative mortality. 
In Lillihei’s series of patients over 2 years of age in wliom the pulmonary artery 
sy.stolie pressure was 70 per cent or more of the aortic systolic pressure, the 
operative mortality has been reported as 37 per cent.' In those oases, in which 
the pressures in the two systems arc essentially etpial, the mortality has been 
even greater.-' ■* Ilowever, it will be recalled that most young children with 
an atypical duetus and equal-pre.ssure pulmonary hypei'tcnsion have tolerated 
surgical closure.' “ A possible explanation for this difference in results is that, 
in the case of interventriculer septal defect, the cardiovascular system cannot 
withstand the combined burdens of open-heart surgery and those imposed by 
the physiologic readjustment to defect closure. Therefore, it seemed worth 
while to try to lower operative mortality by preventing these two major burdens 

From the Department of Surgery fCanlioxascular Ser\ice) and the Pediatifc Cardi¬ 
ology Service, The Ohio State Uni%ersity Health Center and the Children's Hospital, Colum¬ 
bus, Ohio 

Supported by grants from the Central Ohio Heart Association and the Bremer Founda¬ 
tion. 

Read at the Thirty-eighth Annual Meeting of The American Association for Thoiacic 
Surgery at Boston, Mass, May 16-lS, 1958 
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from coinciding in one operation. Accordingly, a two-stage operation was devised 
for those children with ventricular septal defects in whom the systolic pressures 
in the pulmonary artery and aorta were essentially equal. The first stage con¬ 
sists of establishing a temporary ductus between the ascending aorta and the 
pulmonary artery and closing the interventricular septal defect. At the second 
stage, performed 3 to 6 months latei’, after the heart and lungs have recovered 
from the operative manipulation, the artificial ductus is divided. In this manner, 
the final correction, which imposes the severest physiologic burden, is accom¬ 
plished by a lesser operative undertaking. 

OPERATIVE PROCEDURE 

The patient is prepared for open-heai't surgeiy"' in the usual fashion: He 
is placed on the table in the supine position, both common femoral arteries are 
isolated between umbilical tapes, and the chest opened bilaterally via a trans¬ 
verse transsternal incision through the fourth interspace. The pericardium is 
incised transversely and then parallel to the right phrenic nerve and retracted 
with the sternum. The ascending aorta is dissected free and encircled with an 
umbilical tape. The superior (central to the azygos vein) and inferior venae 
cavae are doubly encircled with siliconed umbilical tapes. 

The First Stage .—At a site about to 2 cm. from the base of the aorta, 
its anteromedial surface is cleaned of adventitia as is a corresponding area on 
the right anterolateral aspect of the main pulmonary artery. A portion of the 
aortic—and then the pulmonary artery—lumen is isolated for anastomosis by 
means of a curved vascular clamp. An elliptical piece of tissue is removed from 
each vessel wall; otherwise, if the anastomosis is done to a longitudinal slit, 
thrombosis of the graft is prone to occur. A graft, witli an inside diameter of 
approximately 10 mm., is then anastomosed in end-to-side fashion employing 
a continuous 5-0 arterial silk (Fig. 1). The aortic clamp is left in place until 
the pulmonary artery anastomosis is completed. To proxent kinking of the 
graft, both ends should be cut obliquely. 

Several types of graft materials have l)een employed. Nylon grafts (Ed- 
wards-Tapp) have been tried, but are no longer used because liomostasis at the 
suture lines may become troublesome after the patient is heparinized and, more 
important, the ends cannot be conveniently tailored inside the chest. Aortic 
homografts were found to be most suitable at the time of the first stage, but 
imposed a difficult technical problem at the second stage because more opera¬ 
tive exposure was needed to permit placing the sutures directly in the walls of 
the aorta and pulmonary artery. It would be inadvisable simply to close the 
divided ends' of the liomograft lest future rupture occur. Both of these re¬ 
quirements can be met by putting a 1.5 cm. sleeve of seamless Dacron cloth 
tubingf over each end of a child’s aortic homograft of appropriate diameter and 
incorporating it in the anastomosis. 

*Kay-Cross Oxygenator, manufactured by Pemco, Inc., Cleveland. 

tAvailable from John B. Sidebotliam, Inc., -1317 Griscom Street, Frankford, PhiUdelpbia 
2-1, Pa. 
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I i)? 1 —StiRo Ono Open lie'llt proccluro Tin 'irtiOci il lUictiis fi pluced between 
the n‘«ocnUinff norta an<l in tin putnionirj aitcn TJit tlcfuct N closed cniploj Injr 

potnssjurn citrate arrest 



Stage II 


Fit 2—Stare Two Three to 6 months later the temporary 'ductus is divided and over 
sewn close to each great vessel 
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Upon coiTipletiiig both anastoinoses, tlia puliaoiiai’}’’ artery clamp is removed, 
gradually at first, until the suture lines cease leaking. The aortic clamp is then 
lemoved. After the operator is satisfied with the hemostasis, the patient is 
heparinized (3 mg./Kg. body weight) and then cannulated for the extracorporeal 
bypass. During the bypass, the graft is occhrded with a bulldog clamp. Elec¬ 
tive cardiac arrest, with the aorta cross-clamped distal to the graft site, is used 
during the repair of the defect. If the defect is large (over 1 cm.), a double- 
thickness Teflon cloth* patch is sewn in place employing mattress sutures of 
atraiTinatic 3-0 Dacron, f If it is smaller, the sutures are passed through and 
tied over a cigarette-shaped pledget of Ivalon sponge. The aortic clamp is re¬ 
moved and, when adequate heart action has returned, the ventricular incision 
is repaired. The bulldog clamp oii the graft is removed after the vena caval 
tourniquets have been loosened and the pnmi^-oxygenator perfusion rate has 
been cut back to about 30 per cent of its original level. The patient is deean- 
nulated and protamine is injected. The anastomoses are again inspected for 
hemostasis, after which the pericardium is loosely closed over the graft. 

Stage 11 .—The child is placed in the supine position with the right side 
elevated about 30 degrees. The right-sided portion of the previous skin incision 
is excised and the chest entered through the third intei'space. The adherent lung 
and pericardium are dissected away from the mediastinum in the area of the 
graft which can now be palpated. The graft is cross-clamped, divided, and closed 
Avith sutures. The suturing is placed as close to each great vessel as possible 
incorporating both the homograft and the Dacron cloth .sleeve (Pig. 2). 

C.V3E REPORTS 

Case 1.—D. L., a S-year-old boy who previously had liad multiple operations for other 
congenital defects including pyloric stenosis, cleft palate, and inguinal hernia, was admitted 
for evaluation of a heart murmur that had been recognized since birth. His parents stated 
that he had repeated respiratory infections and his c.vercise tolerance was limited. 

The child placed below the third percentile on the growth chart. On auscultation a 
Grade 2 (1-4) systolic murmur was heard along the left sternal border, being loudest in the 
third left intercostal space near the sternum. This murmur was not widely transmitted. P- 
was loud and snapping and a faint short diastolic murmur was present in the pulmonic area. 

The electrocardiograph showed right and left ventricular enlargement (Pig- 3). The 
teleoroentgenogram demonstrated cardiac enlargement and increased pulmonary vascular 
markings (Fig. 4). On fluoroscopy, the activity of the pulmonary arteries nas found to be 
moderately increased over normal. Cardiac catheterization done on Jan. 29, 1957, under mor¬ 
phine and Nembutal sedation, disclosed equal pressures in the greater and lesser circulations 
(Table I). The catheter passed through a ductus into the aorta. The next day blood samples 
were obtained simultaneous^ from the right brachial and femoral arteries. A differential in 
saturation of the samples was noted (Table I). A diagnosis was made of interventricular 
septal defect and patent ductus arteriosus with equal-pressure pulmonary hypertension and 
predominant left-to-riglit shunt at the septal defect with some reversal of flow through the 
ductus. The child was discharged to await scheduling for open-heart surgery. 

The child was readmitted for the flrst part of a two-stage operation. On May li, 195(, 
the ductus, whicli nas very short and about 5 mm. in diameter, was first isolated and tem¬ 
porarily occluded with an umbilical tape. The patient was then cannulated for extra¬ 
corporeal bypass. Tlie interventricular septal defect was 32 mm, in diameter and, employing 

•Av.iilable from Jolin V. Sidebotliam, Inc., 4317 Griscom Street, Frankford, Philadelphia 
24, Pa. 

tSupplied by Mr. C. W. Norman, Etliicon, Inc., Somerville, N. J. 
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potassium oitrnto rirro><t, a double thicknc'^s patch of Teflon clotli \\n<i seun in place, usiiijr in 
terruptcd inuttr<<5'> sutures of 3 0 atnummtio D.icron. As tlie l»\piss uas being distontimicd, 
the tourniquet on the ductus uas loloased During the earl> postoporatne period, diflicultj 
uith secretions nc<O'^sitated a tracheotornj. 

Tins patient N\as ngnm adnutted approMmalel> 6 niontlis later, lie had gamed ^^e»gUt 
and his color had nnpro\ed A sj^tobc nuirnmr could be heard o'or the left second interspace 
The electrocardiograph shov.cd some regiession of the right ventntular li^pcrtrophj pattern 



Flff 3—Cnse 1 Prcopcratlvo electrocanHouraph shoninp nn JncompJete right bundle 
blanch block ^^ilh a tab II i\e In aVi Indlcitlng tight \tntncu1ar hjportiophj The lull H 
ua\t m Vs and Vo is evahneo of loft \entrlculur h>i>citiophj (Pupei speed 50 nun/sec ) 



Fig 4—Case 1 Chest roentgenograms (PA and RVO) demonstrating cardiac enlargement 
piominent pulmonary conu« and iccentuated hilar \ascular markings 


On fluoroscopy, the hilar activity still appeared to be accentuated An attempt at catheteriza 
tion was unsuccessful On Dec 18, 1957, througli a loft po^teiolatcral incision, the diutus 
was rcdiascctcd and divided The patient made an uneventful recover^* 

The child was icadniittcd to the hospital on Feb 20, 1958, 3 mouths after the sv^cowd 
stage for cardiac cathetenzation The data showed a marked regression in pressures and 
normal saturation values (Tabic 

Comment’ The fact tliat the pleasures had returned to the upper limits of norm il 
(with the patient sedated) just 3 months after thd second stage tends to corroborate the large 
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role played by the flow-factor in this patient. It would be reasonable to assume that the 
vascular changes present in the lung (Fig. 5) certainly could not have had time to regress 
completely; thus, one might infer that there was still a reduction in walhlumen ration, but 
that ample capacity remained once the excess flow was removed. Therefore, the "temporary” 
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ductus may have aided the immediate postoperative recovery from tlic open-heart surgery by 
compensating for the eiTccts of a possible superimposed functional pulmonary vascular com¬ 
ponent. The latter might be initiated by tlie alteration of the pulmonary blood flow and the 
manipulation of the heart and lungs. 


Table I 


D. L. 

TREOPERATIVE | 

; AFTEPw CLOSURE OP DUCTUS 

SATURATION 
PER CENT 

TBESSURE 
(MM. no) 

SATURATION ' 
PER CENT i 

PRESSURE 
(MM. HQ) 

Superior vena cava 0G.5 I 

Right atrium (58 7 1 

Right ventricle 83 80/0 i 

Pulmonary artery 83.5 80/35 

Aorta 03 80/46 

Right femoral artery 00* 

Eight brachial artery 08* 

60.5 

70 4 

69 35/0 

70.5 34/0 

90 G4/3G 


Case 1, Cardiac cathetei izalion data obtained before the flr&t stase denjonstrated an 
interventricular septal defect and a patent ductus arteriosus with CQual-pressure pulmonary 
liypertension There is a 15 jier cent step-up in saturation of tlie right ventricular sample. 
Tiie catheter passed through the patent ductus into tiie aorta. Simultaneous samplings of 
the rlglit brachial and femoral arteries indicated flou reversal through the ductus. Two 
months after the second stage, on repeat catheterization, the saturations had returned to 
normal, and the pulmonary artery pressures had regressed toward normal. The low sys¬ 
temic arterial pressure suggests that the pulmonary artery pressure may actually be higher 
than the figures Indicate. 

^Simultaneous picopcrative studies done without sedotion 



Fig 6—Case 2.-' Preoperatlvc electrocardiogram 3hoi;\lng right ventricular hyper- 
tropliy. Tlic tall R «a\c in Vs suggests some left ^ent^lcular hypertrophy. (Paper speed 
50 mm/sec.) 


Case 2.—^D. K., a 4^-year-old girl, Mas referred for correction of a cleft palate. On 
examination, a heart murmur was detected, and a ctirdiac consultation was obtained. The 
child placed below the third percentile on the growth chart. There was a slight left precordial 
bulge and a faint thrill could be palpated o\er the third and fourth intercostal spaces. A 
coarse Grade 2 (1-4) systolic murmur was present along tlie left sternal border, being maximal 
in the fourth left intercostal space near the sternum. P, was markedly accentuated. 

The electrocardiograph showed evidence of both right and left ventricular hypertrophy 
(Pig. 6). A teleorocntgenogram (Fig. 7) demonstrated enlargement of the heart with in¬ 
creased pulmonary vascular markings. On fluoroscopy, pulsations of the pulmonary arteries 
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were considered to be moderately increased over normal. Cardiac catheterization was per¬ 
formed (Table II) and a diagnosis was made of interventricular septal defect with equal- 
pressure pulmonary hypertension with significant left-to-right shunt. 

The child was discharged and readmitted at a later date. On July 17, 1957, the first- 
stage operation was undertaken. Exclusion clamps were placed on the ascending aorta and 
pulmonary artery, the wall of each was incised longitudinally, and a nylon graft (Edwards- 
Tapp), %(■ inch inside diameter, was sewn in place. After the bypass was established, a 15 
mm. septal defect was closed employing a double-thickness Teflon cloth patch. When the by¬ 
pass was discontinued, the patient’s heart seemed incapable of maintaining an adequate 






o _Cisp ■> PhotomicroRraph of tissue obtained from a central .area of the lunp showing 

n^erately Tevere ^pertrophy of the small muscular arteries. (X 90.) 
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tabie n 


D K ^ 

, rrEOPbPATIV E 

SATLl VTION 1 

rrp CENT 1 

PRLSSUI1 
(MM HO) 

Inferior vena civ a 

78 


Right atrium 

7fi 

7 

Right ventricle 

86 

84/0 

Pulmonarj arterj 

88 

S6/35 

Femoral arterj 

06 

00/00 


C'lte 2 Preopeiathe cathGtorl7ition tllaenostic of InterxentricuKr septal ilefect tjfth 
equal pressure pulnionurj lilpertenslon There is about a 10 per cent step up jn the rlEht 
ventricular sample 


circulation A thrill could not he palpated in the main lnllmo^'lr^ arlerj opposite the ana«ito 
iiio«!j'? The child's condition rernuned prccnrious uid she died 30 rumutes after completion of 
the dust closuio 

Comment The graft employed m this patient was nmch too small and the anastomoses 
were not satisfai tor^, Jianing been done to longitudinal incisions in the aorta and pulmonary 
arter} It is believed that due to these t"o toclinic il errors there was probably no flow 
across the gt“ift and therefore it did not fulfill its intended function The idvcrsc behanor 
of the child’Js circulatorj «jstcni, commencing shorth alter the pump was turned off, is 
clmractenstic of this group of patients 

The photomicrograph of lung tissue obtained at autops\ demonstrates moderately 
scveio aascular changes (Tig 8) 

C\SB 3 —"M r, a small 5 icar old girl, was admitted for eialuation of a Iicart murmur 
A s^stolio thrill was pilpablc along tlip left stern il border A haish, blowing Grade 3 (14) 
sjstolic murmur could bo heard along the left stomal border AUhongh it was maximal in the 
fourth lift intercostal space near the sternum, it was transmitted over the entire precordium 
Pj was marlvcdl^ accentuated 

An electrocardiograph (Tig 0 ) demonstrated an incomplete right bundle brancli bloch 
witli evidence of both right and left \entricular liypcrtroph} Telcoroentgenograms (Pig 10) 
showed an enlarged heart with an increase m the pulmonrir\ vascular mirkings On fluoros 
cop^, tlie pulsatile activitj of the pulmonai;^ artincs appealed to be modiratol) increased 
(aidiac cathcten/ation w is performed iiid a diagnosis of interventricular septal defect with 
equal pressure pulmonarj hvpterttnsion and '*ignificant left to right shunt was made (Table 
HI) 


Tabll III 



1 I rCOPERATIV F 

1 AlTER crOSUFE OB DUCTUS 

jr F 

SATIirATIOV I 

rrn cen r | 

FRESsurr 1 
(MM no) 

SATUPATION j 
PEP CB NT 1 

PRFSSt BF 

(MM no) 

Inferior vena cava 

Right atrium 

()9 

G 

72 3 5 

Right ventricle 

74 

82/0 i 

68 5 

2G/0 

Pulmonarj arteij 

76 

80/34 i 

66 

24/7 

Femoral irterv 

85 

86/40 

100 

04/50 


Case J The preoperative catlietcrtzatlon dcnionstiates an Interventricular ‘leptal defect 
with equal pressure pulmonary lijpertenslort There is about a 5 per cent step up In the 
right ventricular sample The desaturatiOn of the femoral sample maj have been influenced 
bj sedation Itecathetorlzatlon 6 months later shows h return to normal hemodjnamics 

Iho patient was readmitted at a later date for the fir«t of tlic two stage proccduic A 
inch, inside diameter, Edwards Tapp graft was placed between the ascending aorta and the 
pulmonarj arterj An elliptical piece of vc'iscl wall was removed at each anastomotic site 
The bj-pass was then estabbslied and an 3 mm septal defect was closed with three 3 0 
atraunutic Dacron sutures After the bj’pasg was discoutinued, a strong thnil could b« 
palpated m the pulmonarj*arterj opposite the ^‘ductus ” A tracheotomy "was performed 





T’lp. 10.—Case .1. PA and TjAO che.gt roentKcnoRram.'i sliowlnp cardiac enlargement 
and accentuated hilar vascular markings. The film was taken during expiration wnicn 
exaggerates the transverse diameter of the heart. 


Comment: The step-up of only 6 per cent in the preopeiative right ventricular eafhe- 
torization sample points to a rather small shunt across the defect; perhaps this explains uhy 
the graft ultimately became clotted. This was confirmed by rccatheferization. It was very 
gratifying to note that the pressures and saturation.? in the right ventricle and pulmonary 
artery had all returned to normal values. The smooth postoperative course in tliis patient 
suggests that the shunt-graft may bo needed only during the very early postoperative period 
and that, after this time, there is adequate recovery from the ventricular incision and the 
bilateral thoracotomy so that its function was no longer necessary. On the other hand, it 
may mean that this was one patient who would have tolciatod a one-stage correction, nowever, 
we were unable to discover anything dilTerent in the clinical findings or laboialory data wliich 
would have helped us preoperativcly to distinguish it from tlie other cases of its kind. 
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Ca« 5F 4 —N. W., a o }car old girl, aas admitted for o\aluation of a heart murmur. The 
child Mas belou the third percentile on the grouth chart A ‘5\stolic thrill was palpated oier 
the third and fourth left intercostal spaces iicai the steinuin A harsh, blouing Grade 3 (1 4) 
sjstolic murmur Mas hoaid loudest in the area and Mas transmitted o^cl the entire left 
chest P. Mas loud and snapping 

An electrocardiograph (Fig 11) sliOMcd an incomplete right bundle branch block Mith 
oudcncc of both right and left Aoiitricular hjptrtrophy A telooroentgenogram (Fig 12) 
<lenionstrutod an onhirgcd lienit and aecentnaled pulmoruir^ ^a‘.(•uIa^lt 3 On fluoroscop;^, the 
actiMtj of the pulmonary aitcrus Mas found to be nudcratch in rrased Caitliac cateten/a 
tion MU', perfoinied diagnos s of \eiiliiculij septal defect Mttli cqinl pressuio 

piilmouaiji h>p<rtension and siguifieaut left to right shunt was neido 


Table IV 


N M. 

1 PRPOPFRATn'E 

.SVTUKATIOS 1 

ITR Cl M 1 

FRI'SSIUJ 
(MM. lU.) 

Superior vemi mv i 

70 


Higlit atnuni 

69 


Riglit vcutriclo 

76 

82/0 

Pulmonarj nitm 

7S 

85/40 

Fonioral artery 

S5 

90/50 


Case 4 rieoperati\e catheterization studies wore (nngno«?tIc of an Interventricular 
septal defect with cquaNprcssure pulmonary h>portcnsion Theic was an per cent step-up 
In the rlirht ventricular sample The desnturatlon of the femoral artery sample may bo 
due to sedation 



Fifr 11—Case 4 Prooperatfve olectrocardiograph showing neht ventricular hjpertropln and 
evidence of some left vcntricutai enlaigement tPapei speed 50 mni /sec ) 

On Aug. 7, 1957, the child was readmitted for the first stage of the two stage operation 
A homograft, 10 imn. in inside diameter, was inserted between the aorta and the pulmonary 
artery. An elliptical piece of vessel wall was removed from each great vessel Each end of 
the graft was cut obliquely. The bypass was instituted and an 8 mm septal defect was re¬ 
paired with several atraumatic 3 0 Dacron sutures. A tracheostomy was performed. The 
patient made an uneventful convalescence Postopcrativcly, a loud sjstolic murmur could be 
heard over the upper end of the sternum 

The child was readmitted 3 months later for the second stage operation The loud shunt 
murmur was still present over the upper end of the sternum The right clicst was reopened 
through a portion of the previous incision. The lung and pericardium were dissected awaj 
from the area of the temporary ^Muetus ” Because a homograft had been employed, it was 
deemed necessary, after dividing the shunt, to place the sutures directly in the wall of the 
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pulmonary artery and aorta. lu order to gain adequate exposure of the pulmonary anasto- 
mo 10 site, the sternum liad to be transected, but the left pleural space was not entered The 
child made an uneventful recovery. 

Comment: The postoperative eouise of this patient following the first stage was strik¬ 
ing y smooth. This supported our belief in the importance of employing a laige diameter 
gralt in order to be a.ssured of sustaining an ample left-to-right shunt. Her recovery from 
the second stage uas similarly uiiovoiitfiil. She will be recatlieterizcd again at a later date 



FIk. 12 —Case 4. PA and right lateral chest roentgenograms showing cardiac enlargement 

<incl accentuated liilar vascular markings. 


Case 5.—J. S., an 11-yoar-old boy, who had previously been treated for a biain abscess, 
uas readmitted for evaluation of a lieart murmur noted during the first admission. Tiie par¬ 
ents reported that ho readily became tired on e.vcrtion and tliat at times liis lips became blue. 

A soft, Grade 1 (1-4) systolic luurinur could best be heaid in the foiiith left intcicostal 
space near the sternum. P™ was very loud and snapping. 

The hemoglobin was 15.7 grams. The eleetrocardiogiam (Fig. 13) showed only a right 
ventrieular iiypertrophy pattern. A teleoroentgenogiam demonstrated tlic heart size to be 
within normal limits with an increased prominence of tlic pulmonary conus and pulmonary 
arteries extending to about the mid-lung area (Fig. 14). However, the peripheral vascular 
markings weie not considered to bo increased over normal. On fluoioscopy, tlio pulsations of 
the pulmonary arteries wore demonstrated to be only minimally inci cased over normal. 
Cardiac catheterization was performed (Table V). A diagnosis was made of interventricular 
septal defect with equal-pressure pulmonary liyportcnsion with minimal left-to-right shunting 
and beginning reveisal of flou. 

Table V 



1 PEEOrERATlVE 


SATURATION 

PRESSURE 

J. s. 

PER CENT 

(MM. IIG) 


Eight atrium 
Eight ventricle 
Main pulmonary artery 
Brachial artery 


78 


79 

0 

82 

82/0 

84 

84/40 

92 

86/56 


Case Preoperative catheterization studies indicating a smail left-to-riglit shunt at 

ventricular level and equal-pressure pulmonary hypertension, lliis was not increased bj 
the inhalation of (when coupled with other data) 

may Indicate early flow-ioversal because the patient was not sedated. 
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It was recognized that the \ascu1ar changes in this patient were much more marked 
tlian in an} of the previous patients TIic paieiits were apprised of our gra\c forebodings, 
but the) willed tho cliild to be given c\ery opportunit} Accordingly, tlie cliild was dis 
charged to be scheduled for open heart snrgcrj at a later date 



Fnr 13—Ca'SQ 5 PreoperatUo olcctrocardloKranh Bhowmir an incomplete light bundle 
blanch block with CMdtnce of right lentrlcuHr hypertrophj There Is no ciitlcnce of left 
ventricular hjpertrophj (Papei fiptcd, BO nun/sec ) 



Fig 14—Case a PA and right la*—'•» -»■ 
verse heart diameter with right ventricu 
the right pulmonary artery is enlarged, 
the tjpical findings In Individuals with 
mg. 


showing a normal trans 
ionar> conus is prominent 
'Ids are clear These arc 
j's and right'to-left shunt 


At the fiiBt stage operatjon, an abhmiatca incision ms first made tlirougli tlie right 
fourth intercostal space and a gencious lung biops,- was obtained from tho upper lobe for 
frozen section cxanimation The vascular changes appeared to lie onh laoderatih severe 
(Fig IS), and so the operation was continued The right veufridc was inarltedU hvper 
trophied The pulmonary aitery was enormous and ico ten^e, and it was feared'tha't an 
attempt at part.allj eNcludmg its lumen with n elanip might tear it Therefore, the bvpass wa-- 
instituted and, with a partial exclusion clamp on the aorta and pulnmnarv arterv,'ell.pbe^' 
pieces of tissue were remoied from each An aortic homograft, 12 mm in diameie'. 
easily and quieUy anastonjosed o cad. gre ,t aesacl Tim aorta was then cross damped di-ol - 
the graft site and, aided by potassium citrate arrest, a 17 mm mlorvontr.tular septa! dr-e t 
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was closed with a double-thickness Teflon cloth patch. The oozing from, the graft suture lines 
was troublesome, but after the protamine had taken effect, and witli the insertion of additional 
sutures, good hemostasis was finally obtained. Postoperatively, tlie child was alert and, during 
the first 24 hours, he seemed to be progressing satisfactorily. A soft systolic murmur could 
be heard over the upper end of the sternum. Approximately 28 hours postoperatively, his 




Fig-. 15.—Case 5. A, Surgical biopsy showing arteries with 

reS^len^a’scula^Sg^rtfer -e well demonstrated (X 100). 
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goncral condition begnn to deteriorate, llis blood prcssuic dropped, and the pulso and rcspira- 
tiou ro‘5e. The inuruuir could no longer be heard. IDs condition continued to deteriorate and 
he died 2 liours latei. 

CoJivncnt: This patient was undoubtedly of the Eiseninenger type with advanced, 
irrcxGisible \a‘?cular cJianges and a minimal left-to right shunt- Evidence for this was the 
\ ra)’ appearance of a .'sniall heait, the practically iiorinnl fluoroscopic appearance of the 
activity of the pulmonary arteries, and a minimal step up in satin ation of tlio right ^cntricuhl^ 
blood sample. The saggesti\c early dc'^aluration of the arterial blood and the high hemo¬ 
globin value were a<lditional lorioboratno evidence, lie .*5hould not have been selected for 
the operation. Furtheunore, it is probable that tins patient would not have tolerated later 
clo^’uro of the “ductus” even if he liad sunned the fl^^t stage. 

At autop'sy, clotting of the graft was confirmed. This n not surprising in view' of the 
very small flow which passed acro-^s it. 

It was intorpsting to see the discrepancy between the hist >{iathologie appearance of the 
lung tissue obtained by lung biopsy (Fig. J.5, J) ami that obtained at autopsy from a more 
central portion of the lung (Fig. 15, />). As Edwards? has pointed out, dilated and atrophic 
vessels ma\ bo found distal to the luUanccd ocelustvo clitinges found in tlie Eisenniongor lung. 
Thus, if this is not kept in mind, e.specially when none of the fccwerely nfilictod artoiios are 
seen, the biopsy may bo m.smterprelcd. 



Case 6.—Tb MeC., a 5 ^ear old giil, had been admitted to the Children’s Hospital 2 joais 
previously for the rejiair of a cleft iialiitc and hnicllp. In addition to n lioait murmur, a 
double kidney and hemivortebrae were found. The child sulTcrcd from repeated respiratory 
infections and had a decreased ewrcivp tolerance. 

She was below the third percentile in growth. There was a Grade 3 (1-1) systolic 
murmur present wliich was hnidi’st ia the fourth left intercostal space and was transmitted 
over the entire precordium. was accentuated. 

TJic olcctrocaidiograph (Fig. 16) showed both right and left Muitncuhir hypertrophy. 
A teleoroeiitgcnogram (Fig. 17) demonstrated the enlarged heart and au accentuation of the 
pulmonary vascularity. On fluoroNtopy, the pulmonary artery activity was coasidcrod to lie 
moderately increased—slightly more timu the other similar cases in this series. Cardiac 
catlictorization was performed (Table VI). The diagnosis was made of intoncntricular septal 
defect with equal pressure pulmonary hjpertension and significant loft-to right shunt. She 
was discharged to await roadmission for the two-stage opoiatiou. 
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Ftp 17—Case 6 PA and ripht lateral chest roentgenograms shoTMng cardiac enlargement 
and marked accentuation of the pulmonary vascularity 



Fig- IS—Case 6 Autopsy pliotogiaph of the posterior aspect hi' 

pulmonary artelv {left) and aorta {right) opened The narrow orifices produced bj 
longitudinal incisions are well illustrated Both anastomotic sites are clottea 


the 

the 
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NutulMjr i 

On Fob. 7, 19dS, tlic first sta^^o ''as undertaken. Because of the technical difficulties at 
the second stage in Ca-^c 4, a nylon graft (Edwards Tappl, inch inside dianirtor, was 
placed hctwooii tlic ascoiulhig aoMa and pidmonury artori'. Each time an nmplo segment of 
aorta was c\cladod by the clamp, a fnH in Idood pressure occurred. Tliereforo, instead of 
removing an elliptical piece of tissue, it was dcculod to resort to a Jongitudiiiul incision in 
the aoita. Although mindful of tluJ pievious expcneiue in Case 2, it was thought that the 




■ iAf ■ ■' V- ' ■ . 




Fi&. 19.—Case 6. A, Photomicrograph of peripheral biopsy obtain.-<1 at 
and C, Photomicrographs of more ccntrallj* located tissue- obtainecl aft^-r tin 
The changes appear more severe than In A. 
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Table VI 


B. MC C. 

PBEOPERATIVE 

SATURATION 

PER CENT 

PRESSURE 
(MM. IIG) 

Superior vena cava 

69 


Right atrium 

68 

6.5 

Right ventricle 

85 

84/0 

Main pulmonary artery 

89 

84/36 

Brachial artery 

100 

84/52 


Case G. Preoperative studies indicating a large shunt at the ventricular level and 
equal-pressure pulmonary hypertension. 


large diameter of the graft would compensate for failure to remove elliptical pieces of vessel 
wall and assure patency at least for a sufficient time to permit recovery. The bypass was 
established and^ employing potassium citrate arrest, a 17 mm. septal defect was closed with a 
Teflon cloth patch. Following perfusion, the patient’s condition appeared satisfactory. She 
was alert, her color was good and the vital signs were stable. A loud systolic shunt murmur 
could bo heard over the upper end of the sternum. The blood pressure was 105/55 mm. Hg, 
typically a wide pulse-pressure ductus type. Suddenly, 3% hours after surgery, in a matter of 
seconds, her condition dramatically changed. Her skin became pale, the blood pressure 
became unobtainable, and the pulse and respiration rose. Coincidentally, it was noted that the 
shunt murmur had disappeared. It was suspected that the graft had become clotted and that 
this had precipitated the sudden revci'sal in the patient’s condition. With the aid of 
resuscitative measures, including small amounts of blood and vasopressors, the child rallied and 
the blood pressure returned to 80/60 mm. Hg. However, the child continued to appear 
“shocky.” Her color remained poor and the fast pulse and respiration persisted. The shunt 
murmur never returned. The child continued in tliis fashion for anotlier iVi hours and then 
died. 

Comment: This child had the largest left-to-right shunt in the entire series as demon¬ 
strated by fluoroscopic study and the step-up in saturation of the right ventricular sample. 
This evidence of high flow might have led one to predict preoperatively that the child could 
have survived a single-stage approach. However, bedside observations made during the post¬ 
operative period established that the functioning “ductus” was necessary and that its oc¬ 
clusion by thrombus (Fig. 18) precipitated the sudden and fatal cardiovascular deterioration. 
One might take the opposite view that shock occurred suddenly causing the murmur to dis¬ 
appear and the other events which followed. Unfortunately, under these circumstances it is 
not practical to obtain suitable objective data. One must rely instead upon clinical im¬ 
pressions. In support of the first explanation was the suddenness with which the patient s 
condition changed after a satisfactory earlier postoperative response. This behavior con¬ 
trasts sharply with those similar eases treated by one-stage surgery who show evidence of a 
failing circulation as soon as the bypass is discontinued. These early signs arc readily 
recognizejd and soon produce a clinical picture similar to the one presented by this child after 
the graft became clotted. In our experience, their appearance presages an imminent fat.a 

outcome. 

The histologic sections showed moderately severe vascular changes. Those obtained at 
autopsy from the central areas (Fig. 19, B and C) of the lung appear more pronounced than 
those found in the tissue obtained by surgical biopsy (Fig. 19, A). 


DI.SCUSSION 

The initial event occurring after conventional corrective surgery tliat is 
responsible for the ultimate death of these equal-pressure pulmonary hyper¬ 
tensive patients lias not been precisely identified. There may arise an exagger¬ 
ated vasospastic component which superimposes itself on the already abnorma 
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arterial bed. The medial hypertrophy seen on mieroseopic examination would 
suggest that the museular arteries are indeed capable of a vigorous vasomotor 
reaction. Perhaps this response is precipitated by suddenly removing the ex¬ 
cessive pulmonary blood flow or by the manipulation of the lungs. When this is 
added to those other burdens imposed by suddenly reversing the adapted state 
and by extensive surgery on the heart itself, the cardiopulmonary system may 
■very likely be overwhelmed. Therefore, if these patients are to survive operation 
it would seem reasonable (1) to avoid an immediate alteration of this compen¬ 
sated state by achieving the desired result gradually in two stages, and (2) to 
plan the two stages so that the least physiologic readjustment will be required at 
the time of the greatest operative undertaking. This can be accomplished if, at 
the first stage, an ample Icft-to-right flow is perpetuated by using a graft of large 
diameter and by being careful with detaihs of the anastomoses to assure patency. 
Anastomoses made to longitudinal incisions, a tcehnique which has been used suc¬ 
cessfully in the past in other vascular procedures, have produced clotting of the 
“ductus” in those patients. Tliis difference in results is probably due to the 
special conditions of blood flow across the graft. Even though it may have the 
same diameter as tlie septal defect, the Icft-to-right shunt will still be reduced 
by the influoneo of other factors governing flow in tubes, sueh as length and 
contour of the graft, the characteristics of its internal surface and the configura¬ 
tion of the anastomotic orifices. 

The second stage is performed 3 to 6 months later, after the heart and lungs 
have recovered from the initial operative intervention. Tims, the more physio¬ 
logically strenuous burden imposed on the cardiopulmonaiy sj’stem by completely 
abolishing the shunt will be made to coincide witli an opcrativ’C procedure equal 
to closing a patent ductus. 

Because of the various combinations of plumonary flow and resistance which 
may interact to cause elevation of the pulmonary artery pressures to systemic 
levels, those patients with equal-pressure pulmonary hypertension constitute a 
physiologically heterogeneous group. This has been well documented by 
Dammann® and Edwards.’ Therefore, althougli the term “eqnal-pressni’e” mav 
be used for roughly categorizing a special group of individuals with pulmonary 
hypertension, it is an inadequate index for selecting patients for the two-stage 
operation. Those patients who are acceptable must still have a significant loft-to- 
right shunt (Fig. 20). This selection is guided by the degree of increase over 
normal in the activity e.xhibited by the pulmonaiy arteries during fluoroscopy. 
The greater the role being played by the factor of flow through the lungs, the 
more expansile the pulmonary arteries and their branches become (in the ab¬ 
sence of pulmonic insufficiency). However, it should be noted that this ac¬ 
centuation is not of the magnitude seen in patients with lesser degrees of pres¬ 
sure elevation. Also of help is the amount of increase (over that from the ri"ht 
atrium) in the saturation of the riglit ventricular blood sample obtained durbm 
catheterization. A value around 10 per cent is a favorable sign. 

The remaining members of the equal-pressure group who have minimal 
left-to-right shunt-flow or persistent flow-reversal are not suitable candidates for 
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le two-stage operation (Fig. 21). This transition from a significant left-to-rioht 
shnnt seems to occur as the child approaches pnhGrt3^ So far, none of the equal- 
pressure cases in this age range (or older) have been found acceptable. His¬ 
tologic study of lung sections obtained from some of these patients has strength¬ 
ened the impression that age is another important criterion for the proper 
selection of cases for the two-stage operation. 



ITig; SO .—Schematfc representation of the pathophysiology in an '’equal-pressure” pul¬ 
monary liypertensive with residual left-to-riglit shunt Here flow is still a factor in the pres¬ 
sure elevation. This type of patient Is acceptable for the two-stage procedure. 



Fig. 21 .—A representation of an "equal-pressure” patient in whom pulmonary resist¬ 
ance has exceeded systemic resistance. There is now a right-to-left sliunting of blood 
(Eisenmenger’s syndrome). 'This patient is not acceptable for the two-stage procedure. 


SUMMARY 

A two-stage operation is proposed for tlie surgical correction of ventricular 
septal defects associated with equal-pressure pulmonary hypertension. At the 
first stage, a large diameter graft, serving as a temporary artificial “ductus,” is 
placed between the ascending aorta and tlie pulmonary arteiy and, with the aid 
of a mechanical heart-lung apparatus, the septal defect is repaired. The second 
stage is performed 3 to 6 months later and consists of dividing the graft, thus 
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completing the coircction of the shunt This appioach is piedicated on the 
principle of scpaiating the huulcns on the lioait and lungs imposed h} an opeia 
tiou of open heait magnitude fiom those imposed In suddenly reversing the 
patient’s compons<ited patlioplnsiologic state At Stage I, the caidiovasculai 
svstem IS called upon to inahe a mmoi phjsiologic icadiustmeiit coincident with 
an opoiation of gicat magnitude Comciselj, at Stage II, the buiden is sim 
ilailv miunnized b\ using a lessei suigical pioccduic vs hen the demands of 
plnsiologic compensation aie liKch to be most severe 

The piopoi selection of eases depends upon choosing those patients vsitli 
ccpial picssuic with a significant left to light shunt Tlic most helpful guides 
have been the activitv of the pulmonaiv aitciv, as detcnnincd flnoioscopicalh, 
and the catheteuzation data Age is also an impoitant fnctoi The icsults so 
f«u have been tncoiuaging in tliat 3 of the 5 piopcih selected patients liavc 
suiMved Follow-np catheteuzation studios have shown a letuin to normal 
hcmodvnamics 
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SURGICAL TREATMENT FOR THE TETRALOGY OF FALLOT 
BY OPEN INTRACARDIAC REPAIR 


John W. Kirklin, M.D., F. Henry Ellis, Jr., M.D., Dwight C. McGoon, M.D. 

(by invitation), James W. DuShane, M.D. (by invitation), and 
H. J. C. Swan, Ai.B., Ph.D, (by invitation), Rochester, Minn. 

T he progressing invalidism nsuallj'’ imposed tlie combination of mal¬ 
formations known as tlie “tetralogj'’ of Fallot” has long stimulated search 
for effective treatment. Wide acclaim properly greeted the discovery of Bla¬ 
lock and Taussig^ that an anastomosis between a systemic and pulmonary artery 
resulted in amelioration of cyanosis and polycythemia and improved exercise 
tolerance in the patient Avith tetralogy of Fallot. The beneficial effect of in¬ 
creased pulmonary blood flow was again demonstrated in the results obtained 
by Potts’^ utilizing anastomosis of the aorta and pulmonary arteiy. Brock® 
logically argued that pulmonary flow could be increased by directing the surgi¬ 
cal endeavor toward relief of the pulmonary stenosis. He showed that good 
palliation could be achieved in many patients by pulmonary valvotomy and 
infundibular resection done by a closed technique. Many surgeons dreamed of 
complete repair of the tetralogy of Fallot, but it Avas first accomplished by 
Lilleliei and associates in 1954 using AA'hole body perfusion established by the 
technique of controlled cross-circulation.'* 

General agreement has not been reached as yet concerning the surgical 
technique of choice for the treatment of the tetralogy of Fallot. Experience 
AAutli patients treated by open intracardiac repair at the Mayo Clinic since 
April, 1955, has led us to conclude that this is an effectiA'^e treatment for 
tetralogy of Fallot. Data concerning these cases and a discussion of them form 
the basis for this report. 


DEFINITION 


Since there is a Avide Amriation among hearts AAoth pulmonary stenosis and 
ventricular septal defect, it appears unreasonable to designate them all as the 
tetralogy of Fallot. Apparent dextroposition of the aorta occurs in some pa¬ 
tients Avith A^entricular septal defect and no pulmonary stenosis and there may 
be no dextroposition in a fcAV patients seeming to have otherAvise typical tetralogy 
of Fallot. This feature does not then serve Avell to identify the tetralogy of 
Fallot. It has been suggested that the term “tetralogy of Fallot” be discarded 


From tlio Mayo Clinic and Mayo Foundation. 
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ill recognition of the fact that tin’s condition siiadcs off toward sorere puimonary 
stenosis with a very small vcntricuhnr septal defect or toward a largo ventricular 
septal defect with mild pulmonary stenosis. 

Clinically and surgicall.v, the term continues to have sufficient usefulness 
to justify its retention. Por this .stnd.v, tetralog.v of Fallot is defined as a con¬ 
genital cardiac malformation with ventricular septal defect of a size appro.vi- 
mating the aortic orifice and pulmonary stenosis of such severity that it, in 
combination with the ventricular septal defect, results in identical right and 
left ventricular pres.surcs. There arc varying degrees of dextroposition, or 
overriding of the aorta, in specimens meeting these ciiteria. The pulmonary 
.stenosis is usually infundihular, either isolated or in combination with stenosis 
of the pulmonaty valve.”' “ Kareb', the stenosis is limited to the pulmonai'y 
valve. 

In most patients with tetralogy of Fallot, high resistance to rigltt ven¬ 
tricular emptying is posed by the pulmonary stenosis, the direction of the 
shunt across the ventricular septal defect is right to loft and, as a result, cyanosis 
is present. When the resistance posed by the pulmonary stenosis is loss severe, 
the shunt ma.v be bidirectional. Uncommonly, the resistance posed b.v the 
stenosis is sufficiently low that only a left-to-right shunt occurs, although pros- 
sure.s in the two ventricles are identical. Since some patients who were acyanot- 
io early in life arc cyanosed in later childhood, it is assumed that the relative 
severity of the pulmonary stenosis can increase, 

JIATEBIAL AND METHODS 

All patients except one witli the tetralogy of Fallot undergoing operation 
on one surgical service at the Mayo Clinic since April 1, 1955, were treated by 
open intracardiae repair, Por the one exception, a severely handicapped woman 
28 years old, operated on in the summer of 1955, the Brock infundibular resec¬ 
tion was done. All the patients treated on this service by open intracardiae re¬ 
pair until May 1, 1958, are included in this report. 

Data concerning all patients treated by open intracardiae repair on this 
service in this period are given in Table I. Kemai'ks concerning disability and 
cyanosis are based on the history and pliysical examination. As.soeiated defects 
and previous operations are noted there. The anatomy of the pulmonary steno¬ 
sis given in the table was determined at operation. Wlien the pulmonary artery 
was so narrow that it seemed to offer significant resistance to right ventricular 
emptying, it is listed as an obstructing lesion. 

Data concerning patients surviving operation and hospitalization arc 
shown in Table II. The present status and cyanosis given in this table are those 
determined by history and examination. A clinical evaluation was made of 
the repair of the ventricular septal defect on the basis of the auscultation and 
roentgenography of the thorax at postoperative examinations. The possible 
limitations of this type of evaluation are recognized. It is doubtful, however, 
that largo residual shunts can he present without clinical manifestations. Post¬ 
operative catheterization data when available wei-e used. Evaluation of the 
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TABI.E I. Open Intracardiac Repair 
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Tlihaioov of Fallop: All 74 Cases"* 
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86 


+ 

+ 

6 

S 

Mod. 

Mild 

Mod. 

89 

83 



+ 

7 

11 

Sev. 

None 

Mild 





+ 

8 

5 

Mod. 

Mild 

Sov. 

84 

61 

Agenesis of Left PA 

- 

+ 

9 

6 

Sev. 

Mod. 

Sev. 

86 

67 


+ 

+ 

10 

7 

Sev. 

Sev. 

Sev. 




+ 

4- 

11 

28 

Mod. 

None 

None 

95 



+ 

- 

12 

2 

Mod. 

Mod. 

Sev. 

78 

61 

. 

+ 

+ 

13 

5 

Sev. 

Mod. 

Sev. 

81 

56 


f 

- 

14 

13 

Sev. 

Mod. 

Sev. 

SO 

49 

Left subclavian A. to PA 
anastomosis (1948) 

+ 

- 

15 

3 

Mod. 

Mod. 

Sov. 

82 

75 




16 

17 

Mod. 

None 

Mod. 

97 

69 


+ 

+ 
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TLTr.ALOGY OF Fauoc: All 74 Case‘5’' 


MfTHOI) OF REI'AIR | 


i 








RESECTION 1 

AND/Oa j 

1 

OUTILOII 
TRACT 1 

COMPRFTF 

l\ALON 

RFCONSTRUC 

Irf SSURLS MEASURED 
IN OTFRATINO ROOM 
AFTER REFAIP^ MM. Jiff 

1 HOSPITAL j 

PPOBAm E Cil/SE OF 


YAL\OTOM\ 1 

(IVARON) 

TIOSlI 

PA 1 RY j AORTA 

! FATE 1 

DFATJI 


Died 2 lir. Perfusion; VSl) rc 
po nith pair complete at 

piilni necropsy 

etloma 

Died 10 lir. Related to perfusion 
po ^^lth and incomplete 

p\Am repair of VSD 

edema 

Died at end Heart block 
of opera 
tion 


Iialon + 

(early 
method) 

1\ alou +• 

(early 
method) 


Ivalon 

(carlj 

method) 


Iralon 
(early 
method) 
Iralon 
(early 
motiiod) 

Iralon 
(Otirly 
method) 
Iifllon 
(early 
method) 
Ii alon 
(early 
method) 
Ivalon 
(carlj 
method) 

Iialon 

(c.irlj 

method) 


Ivalon 

(early 

method) 


Iialon 

(early 

method) 


Direct 

suture 


Iialon 

(early 

method) 


+ 

- 

- 



Died S hr. 
po. 

Ilemorrhag'c, related 
to perfusion 

+ 





Died 4 hr. 
po. 

Perfusion; incom 
pleto relief of 
pulmonary steuo 

SIS 

+ 

- 

- 



Sur\i\c(I 


+ 

- 

- 



Sunned 


+ 

- 

- 



Sur\ncd 


+ 

- 


34/10 dOO 

S6/53 

(radml) 

Sunned 





10 IS 



+ 

- 

- 

124/lS 

38/29 

Died at end Incomplete relief 
of opera of pulmonary 
tion stenosis 

+ 

■ 

- 

23/8 45/0 

64/35 

Sunned 


+ 





Died 12 III. 
po 

lli.iit Woih; incoin 
plete repair of 
VSD, piobablj 
]ncowp)ctc relief 
of pulmouarj 
stenosis 

+ 


"" 



Sunned 


+ 

- 


32/7 53/5 

77/85 

Died 12 hr, 
po 

Ineompleto repair 
VSD 

+ 

+ 

“ 

24/12 53/7 

Sl/oS 

Suivncd 


+ 

+ 

- 

19/S 22/4 

70/30 

Survived 
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Table I 


CASEt 

AGE, 

YEAR 

SEVERITY 
! OP DISA- 
1 BILITY 

CYANOSIS 

j 

ABTERIAE 0. 

1 SATURATION 
(PER CENT) 

ADDITIONAL DEFECTS OK 
PREVIOUS OPERATION 

SITE 

NARI 

IN- 1 
FUN- 

BIBU- 
LUM ' 

OF PUI 
: STENC 

valveJ 

iJIO- 

)SIS 

PA 

1 REST 

1 EXERCISE 

BEST [EXERCISE i 

17 

7 

Mod. 

None 

Mild 

95 

87 


+ 

— 


18 

9 

Sev. 

Mild 

Sev. 

87 

65 

Atrial septal defect 

+ 

+ 

+ 

19 

11 

Mod. 

None 

None 




+ 

- 

- 

20 

9 

Mild 

None 

None 

97 



a. 




21 

14 

Sev. 

Mild 

Sev. 

92 

61 

+ 



22 

15 

Sev. 

Mild 

Mod. 

90 

79 

-f- 

— 

— 

23 

6 

Mild 

None 

None 



+ 

-i* 

— 

24 

3 

Sev. 

Mod. 

Sev. 

79 

49 

+ 


+ 


25 

6 

Sev. 

Mod. 

Sev. 

80 

44 

Patent ductus arteriosus 
from which originated 
left subclavian A. 

+ 



26 

4 

Sev. 

None 

Mod. 




+ 



27 

19 

Mod. 

None 

Slight 

95 

93 



+ 


28 

7 

Sev. 

Mod. 

Sev. 

72 

58 


+ 

- 



29 

30 

8 

6 

Mod. 

Sev. 

Mild 

Mild 

o o 

90 

93 

51 

85 

Left subclavian to PA 
anastomosis (1953) 

4* 

+ 

+ 

+ 

4- 

31 

9 

Sev. 

Mild 

Mod. 

82 


Persistent left superior 
vena cava 

+ 

+ 


32 

1% 

Sev. 

Mod. 

Sev. 

66 

50 

Agenesis left coronary 
A. with anomalous 

+ 

+ 

+ 

33 

24 

Sev. 

None 

None 

95 


right coronary A. 

+ 
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(cont’d) 


_ METIIOU 01- RLPAIR _ 

rULMONArv\ feTfNOSlS 

' COAII’IiFTF I’KfSSUfwfh MLASOKH) 

nfsrcTiON oimrtm nAroN or> rating room 

ANO/OIv TRACT nONSTKIJC UTFR KC^AIR^ MM. Ilj ; HOSPITAL PI OUAUII C\USL 0 
^SI)$ \AIAOT()MY (UMOV) TIO\j)_ PV ( K\ } AORTA FATE_UCATII 


Ivalon 

(earlj 

method) 

+ 

" 


18/2 

23/1 

205/56 

Survi\ed 


Iialoii 

(early 

inetliod) 

+ 

+ 

+ 

2-l/C 

15/0 

70/35 

Sur\i\cd 


Ii alon 
(earl} 
method) 

■»- 



37/15 

42/10 

95/32 

Sur>ued , 
tcniporarj 
heart 
block 


Ivalon 

(earl} 

method) 

+ 



20/7 

21/0 

93/50 

Died 12 hr. 
p 0 of 
progres 
«no 

hjperten* 

Sion 

Cardiac tamponade 

I\nlon 


- 

- 




Survned 


I>alon 


- 

- 

SG/9 

14/0 

lOG/60 

Sur\ncd 


Ivalon 

+ 

- 

- 

17/10 

20/0 

75/44 

Survived 


Ivalon 

+ 



32/10 

57/0 

85/57 

Died 14 hr 

po 

In part, perfusion 
(probable hjpo 


\olenna) ,* in part, 
incomplGte relief 
of pulmonary 
stenosis 


I\alon 

+ 

+ — 

38/17 43/8 

85/52 

Died 3 hr. 
po 

Artifically created 
s}stemic h}pcr 
tension 

Direct 

suture 

+ 

- 

35/4 

98/42 

Sunned 


Ivalon 

+ 


15/3 40/5 

78/4G 

SurM\ed, 

temporar} 

heart 

block 


Direct 

suture 

+ 


35/12 51/11 

62/27 

Died 7 hr. 
po 

Poor perfusion, sur 
ger} therefore 
done in haste and 


poorly, heart 
block, incomplete 
relief of pul 


Ivalon 

Ivalon 

+ 

+ 

+ 


25/10 

27/5 

43/0 

35/2 

65/37 

75/40 

monary stenosis 

Survived 

Sum\ ed 

Direct 

suture 

+ 

- 

- 

27/7 

30/0 

85/50 

Surn\ed 

I\alon 

+ 

+ 

+ 

lG/4 

35/0 

57/20 

Died at end Division of single 
of opera coronnrv arterv 

tion 

I\ alon 


- 

- 

16/10 

32/4 

95/60 

Survived 
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January, 1959 


Table I 





\ 




SITE 

OF PULMO- 


1 



arterial 0, 
SATURATION 
(PER CENT) 



NARY STENOSIS 


AGE, 

SEVEraTY 
OF DISA- 

CYANOSIS 

additional 

DEFECTS OR 

IN- 

FDN- 

DIBU- 

i 


CASEt 

YEAR 

BILITY 1 

REST 1 EXERCISE 

REST [exercise} 

PREVIOUS 

OPERATION 

LTUI 

VALVE} 

PA 


34 

9 

Mod. 

Mod. 

Mod. 

82 

81 


+ 

+ 

+ 

35 

31 

Sev. 

Mod. 

Sev. 

65 

40 


+ 

+ 

- 

3G 

5 

Mod. 

Mild 

Mod. 



Diabete.s iiiollitus 

+ 

+ 

_ 


37 


Sev. 

Mild 

Sev. 

86 

69 


+ 

+ 

— 

38 

5 

Mod. 

None 

Mod. 

91 

79 

Persistent left superior 

+ 

+ 

- 








vena cava 




39 

35 

Mod. 

None 

Mild 

96 


Small persistent left su¬ 

+ 

+ 

- 








perior vena cava 




40 

5 

Mild 

None 

None 

97 



+ 

— 

— 

41 

8 

Sev. 

None 

Sev. 

95 

64 


+ 

+ 

+ 

42 

6 

Sev. 

Sev. 

Sev. 

78 

57 

Potts' anastomosis 

+ 

- 

- 






(1953) and previous 
Brock operation 













(1954) 




43 

3 

Sev. 

Mod. 

Sev. 




+ 

+ 

+ 

44 

13 

Sev. 

Mild 

Mod. 

91 

73 

ASD; anomalous right 

+ 

— 

— 


coronary A. 


45 

17 

Sev. 

Sev. 

Sev. 



None 

+ 

+ 


46 

§i2 

Sev. 

Mod. 

Mod. 

87 

78 


+ 

+ 


47 

21 

Sev. 

Mod. 

Sev. 




+ 

+ 

- 

48 

7 

Mod. 

None 

hlod. 

95 

80 


+ 



49 

7 

Sev. 

Mild 

Mod. 

95 

61 

Large azygos and hemi¬ 
azygos veins; small 

+ 

+ 









IVC 




50 

20 

Sev. 

Mod. 

Sev. 

81 

61 


+ 



51 

10 

Mod. 

Mild 

Mod. 

94 

85 

Small patent ductus ar¬ 


+ 

— 





teriosus 




52 

11 

Mod. 

Mod. 

Sev. 

80 


Anomalpus right coro¬ 
nary A. supplying lett 









84 

73 

ant. desc. coronary A. 
(preserved) 

+ 

+ 


53 

2% 

Sev. 

Mod. 

Mod. 






43 

54 

7 

Sev. 

Sev. 

Sev. 

68 
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(coat’d) 


MLlIiOU OF REI'MK | 




1 



1 rULMONARV STf \OSlS 1 







K^s^c^^o^' 

AM>/On 

OUTHOU 

TRACT 

' COMllfc,T> 

' UAION 
KLtONSTl L’C 

1*1 FSSURLS \SUJ.F J) 

IN OWKATING 1 OOM 
AfTEK KH'AII , Mif. HR 

HOSPITAL 

IKORAULE CAUSE OF 

\SD$ 

^AL\OTOit\ 

(IVALON ) 

T10\(| 

1 PA 1 

RV 1 

AOKTA j 

PATL 

DELVTII 

Direct 

suture 

•r 




80/5 

80/50 

feiirv i\ cd 


Eulon 

+ 

+ 

■ 

35/15 

37/2 

85/44 

Died 24 
dujs p 0 . 

Pseudomonas endo 
carditis and bae 
terenua 

Direct 

suture 

+• 



40/27 

80/27 

GS/25 

Died 12 lir 
po 

Inidequato relief of 
pulmonary sfeno 

SIS 

Direct 

suture 

+ 

- 





Survived 


Direct 

suture 

+ 

+ 

- 


55/10 

100/35 

Survived 


Ivalon 

+ 

- 

- 

25/lG 

40/11 

Sl/51 

Survived 


Direct 

suture 

+ 

- 

- 

21/C 

25/4 

75/44 

Surv IV ed 


Ivalon 

+ 

+ 

+ 

24/l-J 

01/0 

108/62 

Survived 







34/4 

92/47 

Surv ivcd 


Dalon 

+ 

+ 

+ 

20/10 

37/fi 

75/42 

Survived 


I^alon 

+ 



18/7 

3C/0 

J35/01 

Died 48 Ijr 
po 

Division of anoma 
lous right coronarv 
A. supplying left 
antenor 









coronary A. 

Dalon 

+ 

+ 

+ 

34/S 

47/5 

90/4S 

Survived 


Direct 

suture 

+ 

+ 



52/10 

71/40 

Died 1 hr 
po 

Perfusion 

I\alon 

+ 

+ 

- 

27/17 

4S/9 

65/40 

Survived 


Direct 

suture 

+ 

- 

- 

23/10 

27/4 

79/44 

Survived 


Direct 

suture 

+ 


+ 

2V11 

53/3 

100/60 

Sumvpd 


Direct 

suture 

+ 

- 

- 

20/14 

38/2G 

90/61 

Sarr'T*-^ 


Direct 

suture 

+ 

- 

- 

25/11 

37/7 

104/54 

Som-'j-r 


Iialon 

+ 

*■ 

— 

34/0 

38/4 

J0S/G2 



Direct 

suture 

+ 

+ 

+ 






Direct 

suture 

+ 



32/12 

05/11 

: 

j 

T "/j — 





Table I. 







1 


1 SITE 

OF PULMO- 








1 NARY STENOSIS 






ARTERIAL Oj 


IN- 




i 

AGE, 

SEVERITY 
OF DISA¬ 

i 

CYANOSIS 

SATURATION 
(TER CENT) 

ADDITIONAL DEFECTS OR 

PUN- 

DIBU- 

■ 


CASEf 

YEAE 

BILITY 

1 REST 

1 EXERCISE 

REST |EXERCISE^ 

PREVIOUS OPERATION 

hVU 


PA 

55 

12 

Mild 

None 

None 

97 95 


+ 

- 


56 

4 

Sev. 

Sev. 

Sev. 

65 

Anomalous right coro¬ 
nary A. supplying left 
ant. desc. coronarj’’ A. 
(preserved) 


+ 

+ 


57 

27 

Mod. 

Mod. 

Mod. 





+ 

— 

58 

9 

Sev. 

Mod. 

Sev. 

83 

60 


+ 

-f 


59 

3 

Sev. 

Mod. 

Sev. 

83 

78 


+ 

+ 

+ 

60 

5 

Sev. 

Mod. 

Sev. 

74 

37 


+ 

- 

- 

61 

16 

Sev. 

Mild 

Mod. 






“ 

62 

1% 

Sev. 

Mild 

Sev, 

85 

53 



+ 

+ 

63 

23 

Mod. 

Mild 

Mod. 

92 

86 


+ 

+ 


64 

3 

Sev. 

Mild 

Mod. 

89 

81 

ASD 

+ 

+ 


65 

6 

Mod. 

Mod. 

Mod. 

84 

73 


+ 

+ 

- 

66 

3 

Mod. 

Mod. 

Sev. 

78 

68 


+ 

+ 

+ 

67 

6 

Mod. 

Mild 

Mod. 

89 

81 

ASD 

+ 



68 

4 

Mod. 

Mild 

Mod. 

92 

85 

ASD 

+ 

+ 


69 

5 

Sev. 

Mod. 

Mod. 

87 

76 

Small patent ductus ar¬ 
teriosus 



+ 





Mild 




+ 

+ 


70 

5 

Mod. 

Mild 







71 

17 

Mod. 

Mild 

Mod. 

89 


Situs inversus 


+ 


72 

6 

Mod. 

Mod. 

Sev. 

70 

58 





73 

10 

Sev. 

Mod. 

Mod. 

85 

71 

Associated 

subclavian . . 

anastomosis (I"®]')! . 
brain abscess (1956) 

+ 



74 

29 

Mod. 

Mild 

Mod. 



Left subclavian to PA 
anastomosis (1956) 

■pA — pulmonary arterj' 

+ 

; ysp 

+ 

= vei 

itricu- 


♦Abbreviations usea in _ atrioventncuia.i . - . 

de^ ^erths^arTo Urftion .ve°re"a"faly.cd Case, in whi<ar d|am occ„rred con- 

C. SO. .00. ... 

5.“ 4. 158. let 166? 202 and 205 . respectively. 













(cont’d) 


METHOD OF REPAin ] 

1 






1 PULMONARY STENOSIS ] 

1 



1 





COMPLETE 

PRESSURES MEASURED 

1 



RESECTION 

OUTFLOwl 

IVALON 

IN OPERATINO ROOM 

i 



and/ok 

TPuACT i 

RECONSTRUC* 

1 AFTER REPAIR, 

MM. 

HOSPITAL 1 

PROBABLE CAUSE OF 


VALVOTOMT 

(IVALON)I 

tion[| 

1 PA , 

1 KV 1 

AORTA 

FATE 1 

DEATH 

Direct 

+ 

- 

- 

32/15 

35/7 

105/60 

Survived 


suture 









Ivalon 

+ 

- 


34/15 

54/7 

86/41 

Died 7 hr. 

Probable myocardial 








P-O. 

failure (present 
preoperatively) 
possibly long (45 
min.) asystole; 
necropsy showed 









complete repair 

Ivalon 

+ 

- 

- 

25/10 

36/10 

98/58 

Survived 


Ivalon 

+ 

+ 

+ 

28/14 

48/10 

91/57 

Died 5 lu*. 

Uncertain. Myocar- 








p.o. 

dial failure (7); 
asystole 46 min. 









(1) 

Direct 

+ 

+ 

+ 

28/5 

41/6 

112/68 

Survived 


suture 









Ivalon 

+ 

+ 

- 

30/10 

34/0-4 

82/47 

Survived 


Direct 


- 

- 

19/12 

23/6 

74/48 

Sundved 


suturo 









Direct 

+ 

+ 

+ 

20/10 

42/0 

90/55 

Survived 


suture 

+ 


+ 




Survived 


Direct 


+ 

4 

2S/U 

36/9 

SC/34 

Died 13 

Probably chronic 

suturo 







days p.o. 

heart failure to 
which AV disso¬ 
ciation contrib¬ 
uted 

Ivalon 

+ 

+ 

- 

27/12 

49/9 

105/73 

Survived 


Ivalon 

+ 

+ 

4 

23/10 

56/7 

86/55 

Survived 


Ivalon 


+ 


13/7 

28/8 

73/4 

Survived 


Ivalon 

+ 

+ 


20/10 

32/8 

99/53 

Survived 


Ivalon 

+ 

+ 

- 

44/9 

73/5 

86/39 

Survived ; 
permanent 









but 

asymp¬ 

tomatic 

heart 

block 


Direct 

+ 

+ 

_ 

2S/6 

45/5 

85/47 

Sun-ived 


suture 









Ivalon 

+ 

+ 

- 

22/5 

34/5 

75/48 

Survived 


Direct 

+ 

- 

- 

21/8 

44/5 


Survived 


suture 









Direct 

+ 

+ 

- 

25/11 

36/10 

95/47 

Survived; 


suture 







temporary 

heart 

block 


Direct 

suture 

+ 


” 

38/7 

56/4 


Survived 



§Inauced cardiac asystole employed first in Case 21 and routinely thereafter. 

IlComnlete Ivalon reconstruction Indicates that the cardlotomy Incision was carried across tlie nul- 
™tnS5'tmS%r?fBh\”«nfrtcIe " “ Pro^^thesfi was plSced In“£ areS as weirarin 
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ef¥ectiveness of the operation for the pulmonarj' stenosis Avas made from rcAdew 
of the surgical records and pressures taken at operation and from data obtained 
at postopei'ative cardiac catheterization (Table III) Avhen this was done. The 
arterial oxygen saturation studies given in Table II are those made at the end 
of the folloAv-up period unless othenvise indicated. Eleven patients (Cases 63 
through 74) Avere operated on too recently to permit evaluation of the symp¬ 
tomatic status and cyanosis on exercise. 


Table III. Postoperatia'e Cardiac Catheterization Studies in 7 Cases 





PRESSURE, AIM. Hg 




interval 

since 

POSTOPERATIVE CARDIAC 
CATHETERIZATION 

1 


case 

OPERATION 

(MO.) 

PA 

INFUNDIB¬ 
ULAR RV 

RV, LOW 

FEMORAL 

ARTERY 

SHUNT 

7 

6 

(e.iv.)* 

27/4 


46/2-4 

Normal by cuff 

None 

9 

8 

(e.Av.)* 

19/6 


48/5 

Normal by cuff 

None 

39 

6 

26/11 

48/8 

51/0-6 

115/58 

25% L-B 

41 

8 

35/0 

45/6 

50/0 

105/80 

None 

45 

9 

35/10 

45/0 

45/0 

110/70 

None 

47 

3 

30/14 

54/6-12 

54/6-12 

120/82 

None 

50 

2 wk. 

17/7 

27/3 

33/2 

115/70 

None 


•Catheterization studies done eisewhere. 


At all operations, extracorporeal circulation of blood through a modified 
Gibbon-type pump-oxygenator Avas emplojmd.®’ ® Tlie surgical technique used 
for establishing whole body perfusion lias been previously described.^® The 
technique of perfusion itself has undergone some changes during the 3 j’^ears 
that these operations Avere done; since February, 1957, the perfusions have been 
managed in a relatively standard fashion,'^'^ employing floAV rates of approxi¬ 
mately 2.4 L. per minute per square meter of bodj^ surface for most patients. 
Cardiac asystole, induced by the Melrose technique,'" has been routinely used 
since August, 1956, beginning Avith Case 21. The early surgical technique for 
closure of the ventricular septal defect before the use of asystole has been de¬ 
tailed.'® Since asystole has been used, the technique basicallj^ is the same as 
that for isolated A’^entricular septal defect.'* Prior to Case 15, pulmonary stenosis 
Avas treated by pulmonary Amlvotomy and by infundibular resection of A^aiying 
degrees of completeness. The use of polyvinyl (Ivalon) sponge in tlie outfloiv 
tract and pulmonary artery'® Avas then begun and, in general, the indication 
for its use in a given case has been that, in the judgment of the surgeon, com¬ 
plete valvotomy and infundibular resection alone AAmuld not provide a large 
enough patliAvay from right ventricle to pulmonary artery. 

Preoperative and postoperative studies of arterial oxygen saturation at 
rest and during exercise Avere made for most patients Avith an ear oximeter. 
Postoperative cardiac catheterization Avas done in certain instances. In most 
patients, measurement and recording of intracardiac pressures Avere done in the 
operating room folloAving repair of the defects. Necropsy was performed on 
all patients dying in the hospital, except one. 
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nOSPITAIi JIOUTALITV AND FACTORS AFFECTING IT 

UortaUtn. —T\ventj--ono of the 74 patients operated oii died in the hos¬ 
pital, an over-all mortality rate of 28 per cent. The fir.st 5 patients all died, 
and no further open operations were performed for the tetralogy of Fallot in 
our institution until the fall of ]l!)55 when use of the procedure wn.s resumed. 
The hospital mortalitj' in the subsequcjit 69 cases was 23 per cent. In the 
last 25 cases there have been 4 deaths, a mortality of 16 per cent. This is prob¬ 
ably representative of the present risk, although there have been no deaths 
in the last 10 cases. 

Identification of the cause of death following any operation may be dif¬ 
ficult, particularly one as complex as the open repair of tetralogy of Fallot. 
Table I gives the "probable cause” of death, and some comment of these and 
other factors related to hospital mortality seems warranted. 

Perfusion .—Detailed information concerning the cases in which it was felt 
perfusion played a role in the fatality is given in a previous article analyzing 
all deaths related to perfusion.^ 

Degree of Belief of Pulmonary Stenosis as Belated to Mortality. —Record¬ 
ings were made in the operating room of low right ventricular and aortic pres¬ 
sure following repair in 58 of the 74 cases (Table I). Prior to repair in the 
tetralogy of Fallot, low right ventricular and left ventricular or aortic pressure 
are identical and puhnonarj’ artciy pressure is low. In most cases, pulmonary 
artery pressure was normal or slightly low after repair, the highest systolic 
pressure being 44, with a diastolie of 9 mm. Hg (Case 69). AVhen pressure 
in the inflow portion of the right ventricle was elevated after operation, it re¬ 
sulted from residual pulmonaiy stenosis. Exact evaluation of the degree of 
stenosis requires data on flow at the time pressure recordings are made and 
those are not available in this study. 

It seemed helpful to the evaluation of the degree of residual stenosis to plot 
systolic pressure from low in the i-ight ventricle against that in the aorta (Pig. 1). 

In 32 patients, the ratio of low right ventricular systolic pressure to aortic 
systolic pressure was less than 0.5. It is believed that this ratio is indicative 
of satisfactory relief of pulmonary stenosis. The hospital mortality was 9 per 
cent in this group. The ratio was 0.5 or more in 26 patients with a hospital 
mortality of 38 per cent. This latter group represents surgical failures, not a 
type of pulmonary stenosis W'hieh is inherently uncorreetable. 

It is known on the basis of this experience that good relief of pulmonai-y 
stenosis can bo achieved in about a third of the cases by radical resection of 
the crista supraventricularis, either alone or with valvotomy, and that in about 
a third only the proper employment of polyvinyl (Ivalon) sponge for enlarge¬ 
ment of the outflow tract will suffice. Individual examples of failure and success 
by these various methods are shown in Pig.s. 2, 3 and 4. Even the difficult con¬ 
dition with a long, narrow outflow tract, a narrow pulmonary valve ring, and a 
narrow pulmonary artery can be successfully treated by proper application of 
Ivalon reconstruction (Pig. 5), This anatomy and thus the need for complete 
reconstruction arc found in the remaining third of the cases. 
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It is believed that in i of the 21 deaths in this series, failure to relieve ade¬ 
quately the pulmonary stenosis was a significant factor in the failure to survive. 
One additional patient (Case 34) died 6 weeks after rcturjiing home from 
intractable right heart failure which probably resulted from poor relief of the 
pulmonary stenosis. 

Completeness of Repair of Ventricular Septal Defect as Related to Mor¬ 
tality. —Incomplete repair of the ventricular septal defect results in a left-to- 
right shunt at ventricular level when the relief of the pulmonary stenosis has 
been sufficient to produce a pressure lower in the right than in the left ventricle. 



Fig-. 1.—^Degree of residual pulmonarj- stenosis as indicated to'. were 

. _ ure in right ventricle to the systolic pressure (mm. Us) in aorta. Wcasurei_ 
made in operating room after repair. All cases in which such data are avc 


made m operating room alter repair. All cases m which such data aic 

High right ventricular systolic piessure resulted from incomplete relief of puimona j 

pulmonary artery pressure being low or normal in all cases. 


It is reasonable to believe that this suddenl 3 ’- imposes a strain on the left ven¬ 
tricle and that ss'^stemie flow may be impoverished. 

In 3 of the 21 patients who died in this series, there Avas an incomplete 
repair of the Amntricular septal defect. In 2 of these 3, death occurred Avith 
progressing h 3 T)Otension. It appears likely that tlie incomplete repair of the 
defect and consequent left-to-right shunt Avas a significant factor in these 

fatalities. 
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Associated Anomalies of the Coronary Arteries Related to Mortality .—Pour 
pafk'iils iiiul anomalies oi (he coroiiaiy arteries In Case 32, a large hraneli of 
(lie right coronaij’’ artery crossed the outdow tract of the liglit ventricle. At 
operation, tlie importance of tliis arteiy was not reeogniaed and it was divided 
in making tlic incision into tlio right vcntiiele. Tlic child died at the end of 



Pig 2 —(Ca«o 57 > Rc'ptotUtcUon of photographic record of Intracardtac Pros«<virc9 
made In the operating room following clo<iiirc of ventricular septal defect and relief of pulmo¬ 
nary stenosis by valvotomy and infundibular resection. Pulmonary artery and right ventricular 
pressures are recorded during ■withdrawal of the catheter from the pulmonary artery, the 
catheter having flrst been inserted through a needle Into the lower p.art of the right \entricle 
and advanced into the pulmonary artery. 

There remains only a 10 mm IFg gradient In pressure from pulmonary arterj* to lew in 
tight \entriclQ This is considered <t good result 



Pig 3—(C 
2 ValNotomy a' 
a large pressure 
sjstollo pressure 
sure although . 
weights. Patlcr... 


'Ogiaplilc record of prc'tsures recorded ns In Pig 
quite Inadequate In this case, since there was 
artery and right •\cntrlcle. Right ventricular 
Ic pressure Note elevated central \enous pre&- 
ns judged by preopeiative and postoper.itho 


tlie operation and at necropsy complete absence of tlic left coronary artery was 
demonstrated.*' Civision of the branch of the right coronary artery supplying 
the loft ventfiele seems clearly the cause of death. 

'For this and the other pathologic studies herein leported, we are indebted to Pr. J. E 
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(mm. Hg) 




5 .—(Case 62.) Reproduction of photographic record of pressures recorded as in 
Fig. 2. Poljrvinyl reconstruction was carried to bifurcation of pulmonary' artery because of 
the very narrow outflow tract of right ventricle, narrow pulmonary valve ring, and diminutive 
pulmonary artery. The residual systolic gradient of 16 mm. Hg between pressures in the 
pulmonary artery and low right ventricle is considered functionally insignificant. 

The lack of appreciable difference between the diastolic pressures in the pulmonary ar¬ 
tery and right ventricle is related to the cutting through and Ivalon reconstruction of the 
pulmonary valve ring. 
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In Case 44, a laxge bianch of the light coioiiaii aiteii ciosscd the out 
flou tiact of the light lentiiole to supplj the left anteiioi descending ailciy 
Again, tins was diiided in the pioccss of cntciing the light \cntiicle The child 
died 48 houis aftei opeiation and the infaict demonstrated low in the left ven 
tiiclc IS considered to be the eausc of death 

In the two subsequent patients with this finding at opeiation, the laigo 
anomalous bianeli fiom the light eoronaiy aitcrj was piesciied One (Case 
52) made an iiiieientfiil locoiorj and the othei (Case 56) died, piosumnbb of 
othoi causes siiiee the icssol was patent at iieciopsi and theie was no evidenco 
of iiiioenidial neciosis 

Heait Block Belated to Iloipifal Uloitabltj —In 4 of the 21 deaths, com 
plete atiioiontiieulai dissoeiatioii in the postopciatne peiiod appealed to bo a 
significant factor One patient (Case 3), tioatcd oaih m 1955 befoie sup 
poitno oaic for patients with lioait block was well niideistood died at the end 
of the opeiation Aiiothci (Case 12) was placed on the artificial paoemakei a 
few liouis aftei opention because of complete licnit block which do\eloped dm 
mg lepaii of the leiitiiculai septil defect Adcqinte cardiac late and sjsteraic 
blood piessuic weie iiiaintaincd foi 10 liouis, following which the heait no 
longei responded Incomplete icpaii of the icntiicnlai septal defect and in 
coniplotc leliof of the piilmoimi} stenosis piobiM} wcio also fnetois contributing 
to the death 

In Case 28, opeiation was done in haste because ot pool peifusion, and 
iclief of the pulmonaiv stenosis was inadeipiatc Complete atiioiontiiculni 
dissociation was present when the heart icsumcd its beat after induced asjstole, 
but this had changed to a 2 1 block hj the time the incision was closed Tliiee 
liouis aftei opeiation complete heait block was again piesont, but bj then 
the child’s genpial condition avas acii pooi She died 3(4 horns latoi Death 
had seemed inealiable even befoic the icdevelopment of complete heait block 

The fouitli patient (Case G4) died of what was piohalih heait failure 13 
daas aftei opeiation It is believed tliat the complete afiioientiieulai dissocia 
tiou winch she had maj have confiihntcd to the cardiac failuie although foi the 
last 11 davs of her life the ventiiculai late was adequate Witliont the use of 
an aitificial pacennkoi 

Left Ventrwulm railme as Belated to Hospital Mortahtij _In the miti il 

icpoit on open intiacaulno suigcij fiom this clime,” it was suggfstcd that om. 
patient (Case 1), with tctialogj of Fallot, died because the left vciitncle was 
unable to aceoinmodate itself to the siiddenlj eiilaiged pulmonarv blood flow 
and pulmonaiy venous ieturn 

Following tins, left atrial picssuit was momtoied during operation n s' 
gioup of patients, and stiiking elevations weie not noted after lepair (T''-'' 
IV) The highest left atrial picssiiic iccoided Iij us in patients with * w “ 
ished pulmonai'j blood How piioi to lepaii was m a palunt wlio did r- * * •' 
the tetialogv of Fallot Tins bov had seveie pulmonarv stenosis wr v-_n 
tiiculai picssmo of 200 mm Hg svstolic, and light to left shimt acros>a; sc-ii: 
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ventricular septal defect. The left ventricle was diminutive. Left atrial pres- ■ 
sure after repair was 24/12 with sj’-stemie venous pressure being 11 (mean). 
This patient survived. 

Interpretation of the values for pulmonary and systemic venous pressure 
is difficult without rather exact knowledge of blood volume at the time the 
measurements are made. In early operations, blood volume was probably not 
maintained as constant as it lias been in more recent operations. However, the 
values for left atrial pressure in the operating room following repair in these 
cases do not support a belief that left ventricular failure was present at that time. 
It is not at present believed that this is the explanation for the death in Case 1. 

Table IV, Left Atrial and Systejiic Central Venous or Right Atrial Pressure 
(MM. Hg) IN Operating Room After Repair of Tetralogy op Eallot 


CASE 

left atrial pressure 

CENTRAL VENOUS OR RIGHT 
ATRIAL PRESSURE 

7 

10/5 

16/12 

8 

17/12 

17/12 

9 

15/8 

12/18 

10 

16/6 

24/16 

11 

8/6 

8 

12 

18/5 

18/8 

13 

14/8 

10/7 

15 

13/7 

6/4 

16 

10/4 

11/4 

17 

8/4 

7/6 

18 

7/4 

6 

19 

14/7 

16/11 

24 

12/6 

12/8 

65 

13/4 

18/7 

66 

15/7 

13/7 

67 

8/1 

12/6 


Since the first 5 deaths, only one patient (Case 56) has died with fi’ank 
pulmonaiy edema. Left atrial pressure was not measured in the operating room 
in this case. The patient was not hypervolemic and weighed 320 grams less 
immediately after operation than before. Necropsy disclosed accui’ate repair of 
the ventricular septal defect. There Avas residual pulmonary stenosis. The per¬ 
fusion had been in all ivays standard and satisfactory. This patient had been 
profoundly handicapped prior to operation. Pie Avas not digitalized until after 
the onset of pulmonary edema Avhich occurred about 4 hours after operation and 
persisted until death. There Avas also systemic hypotension Avhich began about 
2 hours after operation. 


late results 

Four of the 53 patients Avho survived operation and the postoperative period 
died after leaAung the hospital. One (Case 33) died 6 months postoperatively 
of intractable Pseudomonas bacteremia and presumed bacterial endocarditis, 
having been operated on during the short period late in 1956 AAdien this complica¬ 
tion Avas occurring in some of our iiatients.^ • • , i j 

A 5-year-old boy (Case 38) died at home 8 months after operation; lie had 
been completely normal in all activities and appearance until he became suddenly 
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ill witli cough and rcspiratoiy distress and died 6 liours later. Siiuis ihythin 
had been present at all times in the postoperati\e period and at dismissed. The 
ventiieul.li' septal defect ivas lepaiied by diicef .suinro and repair had .seemed 
complete and accurate. The ratio of right vcntiiculai to aoitie systolic picssuro 
was 0.0 after repair. Unfortunately, nceiopsy was not olitaincd. 

Another iratieiit (Case 21) died 2 montlis alter operation with a hciirt 
whieh was sliowir to lie huge by roentgenogranr of tlio thorax takeir one week be¬ 
fore death. As indicated in Table II, it is heiteved that grossly rircompicte re¬ 
pair of tlie ventricirhir septal delect caused his dcatlr. In Case 34, dontli oe- 
eiitred at lionre of iiitractalile riglit heart failure 2 rnoirthb after operation wliioli 
it is liclioved rcsrrlted from poor relief of pulmorrary stenosis. 


DUWNe SURGERY FOLLOWING REPAIR - APRIL 1957 


tool 

FEMORAL ARTERY 
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FJgr G—(Case -Jl ) Coinuari«!on of 
operation and 9 months later at cardiac 
5s sllglitlj’ loner 9 months later than it 
septal defect A\as found to be coniplclelj 


’rj and right \entrlcle at 
itrlcular systolic pressure 
repaii. The ^entncula^ 


Eleven patrcirts (Case 63 through 74), although well whcir dismissed from 
liospital, were operated on too recently to allow evaluation. Tlio remaining 38 
patients- are enjoying frril .activity and arc completely rvitliout .symptoms. None 
is cyanotic at rest or witli exercise. This is in clear contrast to the pitiful pre¬ 
operative status of most of these paticirts. 

Of tire 49 surviving patients, 5 arc considered to Imve only fair relief of pul¬ 
monary stenosis brrt are asymptomatic. One operated on recently has iiad poor 
relief of ptrlmonary stenosis. Six hare oithei- evidence of or strong possibility 
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of a small left-to-right slumt at ventricular level which to date has caused 
no symptoms in 5; the sixth (Case 69) was operated on too recently to alloAv 
symptomatic evaluation. 

Postoperative cardiac cathcterizatioji has been done in only 7 cases. In only 
one (Case 39) was a residual small shunt demonstrated. In all, relief of pulmo¬ 
nary stenosis was quite satisfactory (Fig. 6). 


PRESENT JIETHODS OP MANAGEMENT BASED ON THESE EXPERIENCES 

Selection of Cases for Operation—No patient with the tetralogy of Fallot 
is considered to be too ill for operation and a previous operative procedure is 
not considered a contraindication for operation. One surviving patient (Case 
42) had had two previous operations; once a Potts anastomosis had been per¬ 
formed and, the second time, infundibular resection. Five other patients had 
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Fig. 7.—Open intracardiac repair of tetralogy’ of Fallot with infundibular cliamber 
wide pulmonarv valve ring and artery. The unopened lieart (fi). The first step, alter maiK- 
tion of cardiac asystole, is wide excision of the hypertropliied crista supraventncwaris ana 
relief of the infundibular pulmonary stenosis (b). Pulmonary valvotomy is perlormea u^n 
indicated. The ventricular septal defect is then repaired by direct suture (c ), T 

pressed Ivalon sponge (cl. If careful examinaOon discloses a now adequate patiniay tnrougn 
the outflow tract and pulmonary valve ring and artery, plastic reconstruction is not. necessai y 
and the ventricu}otomy is closed (d). 


undergone previous Blalock anastomoses. One other deeply cyanotic patient, not 
included in this report since she proved at operation to have atrial septal defect 
and pulmonary stenosis, previously had undergone a Blalock operation. Two of 
these 7 patients with previous anastomotic procedures died after operation, 
which included closure of the previously created sliunt, one being tlie first one 
operated on in this series (Case 1) and the other (Case 14) dying from incom¬ 
plete repair of the ventricular septal defect. The other 5 are well. 
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Pcifunon —Accurate and complete iiitineaidiae lepan of the tot:alog\ ot 
Fallot IS time consuming in oui hands Thuty to 40 minutes of induced caidiao 
asjstole and a total peifiision tune of 40 to 70 minutes arc iisiialh letiiiired In 
ordei that theio be little oi no moitalitj referable to the pei fusion, it is bolieied 
that it must be conducted in an optimal ivaj'' In the opoiations done in this 
senes in the last 12 months, no deaths have been eonsideied related to tlio 
pel fusion 

The laigc bronchial flow and consequent laigo intiacaidiac letiiin iicccssi 
tales an adequate nitiaeaidiae suehei sistem as a part of the pump owgenator 
cmploied In all these cases, the si stem utilircd' has alloived safe admittance 
of the aspiiated blood to the geneial itnous letuiu and good iisuahration of 
the operative field 



Opexitivc Technique —The details 
eonsideied adnsable foi lepaii of the Iru- 
9 Aceiiiatc iisiialization and icpoir i 
complished in a fashion similai to (L 
An Iialoii sponge piostliesis is offer — 
septal detect, although iccontlj dir'*' — 
In neailj all cases, iiiliindibiilar rtr _i- 
limbs of the ciista siipiaieiitn' ^ 

, 1-*1 — „ „1 lo« « 


44 KIRKLIJf, ELLIS, MC GOON, DU SHANE, AND SWAN J ThcraccSurg 

January, 1959 

In light of the apparent relation between the adequacy of relief of the pul¬ 
monary stenosis and mortality, it is important to evaluate the cross sectional area 
of the outflow tract of the right ventricle, pulmonary valvular ring, and pul¬ 
monary artery. If it is clearly adequate for the accommodation of normal flow 
with minimal pressure gradient between the sinus portion of the right ventricle 
and the pulmonary artery, nothing further is necessary. If not, plastic en- 
laigement is effected by the insertion of a curved, compressed, Ivalon sponge. 



Fig 9.—A \ erj' narro'n mam pulmonary arterj, or trunk, is sometimes present along 
iMtli a narrow pulmonary ^al\e ring and right ^entiicular outflow tract After infundibular 
resection, the incision must be earned to the bifurcation of the pulmonary artery and plastic 
reconstruction and enlargement of the enUre area affected Note that the compressed Ivalon 
sponge IS convexly cur\ed to enlarge the cross sectional area beneath it. 

Induced cardiac asj'stole is considered essential to accurate repair. It is 
probably miportant to abandon it after 40 minutes, leaving, if necessary, re¬ 
construction of the outflow tract to be done with the heart beating. With the 
use of asj stole, adequate exposure for the intracardiac manipulations can be ob¬ 
tained through a relative!}^ small incision placed mostly in the outflow tract of 
the right ventricle. This ma}^ be advantageous with regard to cardiac function 
in the postoperative period. 

Associated lesions, such as atrial septal defect oi patent ductus arteriosus, 
must be identified and repaired. Where there is a large anomalous branch of the 
right coronaiy artery, decision as to procedure is difficult. It appears unwise 
to sever it. In such a case, if good relief of pulmonaiy stenosis is possible with¬ 
out a plastic reconstruction of the outflow tract, the operation should proceed as 
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planned, extending the incision only tip to this vessel. If adequate relief of the 
pulmonary stenosis is impossible to achieve in this fashion, the plans for pro¬ 
posed complete intraeardiac repair prohjihly should be abandoned and eitlici 
isolated infundibular resection or an jinastomotie procedure performed. 

Postoperative Care .—Administration of fluid is managed as in othci 
after intracardiac surgery.’® Patients are kept in an oxygon tent with a hiima < 
fled atmosphere for 48 to 72 hours after operation. The most importaid dre^ 
to be made concerns administration of digitalis. It is believed not , 
routinely to bring those patients to .surgery digitalized, nor roiitini'l.' 
minister digitalis in the postoperative period. AVhen the pressure low > ■ _ 
right ventricle remains moderately elevated after repair, digitalba'’"’’' “ 
day of operation has proved beneficial. Also, should hypotension ni i ”' 
l)ulmonary edema develop, digitalis .should probably he adniinsfer’’. 

Many patients arc not digitalized in the early postej)er.iti' r r ' 
some of these, retention of fluid and hepatomegaly in.sidionsh '1''^ 
come apjjarent 10 to 14 days after operation, licsiricihn of si’ ^ 
tion are instituted and maintained for 4 to C weeks, Mkmin. 
difficulty has developed. 

When complete atriovcntiueular dissociation and 'h'V ' 
oeourred, isoproterenol hydrochloride (IsuiucI) andtiwe- ' 
employed as they are after repair of isolated ventrieal • - 
managed, heart block should rai'oly he a cause o'" d" ' 

SUMIIARV 

E.xperienees with open intraeardiac rcn. r 
described together with details conceroinr " 
and late mortality. The operation, pc:;::- 
must he done with precision if the hev 

The excellence of the late result- - 
ojrerativc mortality render open inr- '■ 
the tetralogy of Fallot. A longer f - 
quired Anally to establish nlir;! ~ 
lesion. I et it is, in tiie opinhg' ■ 
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Discussion 


DR. RICHARD A. RASMUSSEN, Grand Rapids, Mich.—We all admire the results 
obtained in the successful ease of tetralogy of Fallot when corrected by the direct ana¬ 
tomic method. This is the condition which Dr. Blalock first treated successfully in 1945. 
Dr. Kirklin and his co-wmrkers at the klayo Clinic are to be commended for this presenta¬ 
tion. It is recognized that true anatomic correction is our aim but this cannot always 
be attained in the problem of decreased blood flow. It must be remembered that there 
are other far less hazardous procedures which do give a good physiologic result, and these 
mai' still be considered for certain selected tj-pes of cyanotic heart disease, especial^' when 
the risk is great. 

In the April issue of the Journal op Thoracic Surgery, Dr. Sanger and his associates 
of North Carolina suggested the use of a vena caval-pulmonary artery anastomosis to 
increase the pulmonary blood flow. This procedure would also decrease the work load 
f the right heart. They presented experimental data indicating the feasibility of the 
Lncpdnre. I and my associates would like to report the use of a superior vena caval- 
^ 1 lomrv arten' anastomosis for transposition of the great vessels with pulmonary 
stenosis. This was done in a 17-montIi-old boy who at 4 months of 


ce with episodes of unconsciousness. These .spells became more severe a 
severe cyanosis 1 ^ ^^^il he was admitted to Blodgett Memorial Hospital 
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given to tho various sliunting procedures tlmt might bo done on tins child On oxplora 
tion on April 24, 195S, the anfttoimc findings and additional pressure studies conJlrmed 
tlio diagnosis of transposition and pulmonary stenosis It seemed that a stipinor vena 
caial pnlmonarj artery shunt ^ould be ideal for this patient, and this -was done 

(slide) This is an \ raj photograph 11111011 demonstrates the shajic of the heart, tht 
decreased pulmouarj \asculature, and the aorta ivhich arises from the nglit ventricle, 
and thopulmonarj arterj probablj arising from the left ventricle 

(slide) This is a sketch shoeing the findings at operation as described Note the 
transposition, and the pulmonarj stenosis We simply disconnected the superior vena 
cava from the right auricle and connected it directlj to the disconnoctcd distal end of 
the right pulmonary arterj after the latter had been severed at its origin from the main 
pulmonan 

(slide) This is the result one week later Note the good color 

The immediate result of this procedure seems to bo excellent The increased 0 x 5 gen 
saturation changed from preoperatno catheterization values of 59 per cent to S3 per 
cent immediatelj following siirgcrv The color improved immediatelj It should be 
pointed out that the superior vena cava blood bjpa^ses the right heart completclj and 
therefore eases the work of the heart The increased blood flow through the nglit lung 
undouhtedlj accounts for the increased oxjgcn saturation and the clinical improvement 
The procedure was well tolerated in a poor risk case The operation is csscnfialh a con 
tmuous perfusion of the right lung It has a real advantage over the other shunting 
procedures in that the strain on the heart is decreased instead of increased 

From the success in this ease it would appear that the phvsiologic studies of Sanger 
and nsaeciatea are eonfvTTcved the human being It vs hoped that others mil con‘iider 
and tn tins new shunting technique for poor risk cases similar to tlie one reported, and 
other similar problems of decreased pulmonarv blood flon 


DR FRANK L GERBODE, San Francisco, Calif ^—1 wvnt to <peak of one point 
Dr Kirklin made about the left to right shunt which results after reopening of a septal 
defect following repair of a tetralogy of Fallot Wo have operated upon 14 patients noi 
viith tetralogj of Fallot and we have 10 living Three patients died because of difHcul 
with outflow tract problems, and I must confess we were not ns good ns Dr Kirklin v 
in taking care of them I wish particularlj to speak of one patient, an adult, wh | 
a tetralogj of Fallot He had a perfectlj adequate operation, we thought, with rf* ig 

out of the outflow tract and repair of an interventricular defect with an Ivnlon pro i'? 
On about the tenth postoperative daj, it was quite obvious that the intorvontnculu itUct 
had opened That resulted in a trulj colossal left to right shunt The calculn 1 '.iiunt 
flow was something like 30 L in this boj He developed an enormous Ueai wallop 
rhvthm, and all the evidence of acute heart failure It seemed as tliough fai re blood 

passed through the shunt than one might expect from a defect of this size J (low *( 11 ? 

gested that some mechanism was not present in the lungs, winch might hav ,.on present 
m an ordinarj interventricular defect, a mechamsm which perhaps protect^ against a flow 
of this magnitude under such circumstances In anv event, after a month we took tke 
boj back to the operating room and found (hat the Ivalon prostliesis 1 id separated on 
one side We were fortunatelv able to eJo^e it successfully and I am glad to report thnt 
he 13 well But I must say that the second operation, after a month, was fraught with 
certain di&eulties, because enough time had dap-^ed to vascularize the adhesions, 
hemothorav. and hemocardium required another operation After tho experieflce la thi^ 
case, and in one other, I would suggest that tf failure 13 evident perhaps «« 
interv cution at 2 or 3 weeks might be indicated ^ 


SIB BBSSELL C BROCIC, Lon to England— In the verj short “’■‘’''’“llT 
.hscussron rt rs „.poss.b!e to <ln more than n,ahe stra.ght comments '.nd <-1'-'"'“’ 
Without supporting argument 
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the magnificent papers ire have listened to I do not think the problem 
Of the so-called corrective treatment of Fallot’s tetralogy has been settled. We are told 
t lat the complex problems of the smallness of the pulmonary outfloiv tract can be solved 
by sewing a large piece of pl.astic material either into the wall of the infundibulum or, 
even more disturbing, across the pulmonary valve ring and into the wall of the pul- 
nionarv trunk. This procedure has several grave disadvantages and I feel we are in 
danger of being misled by the brilliance of the pure technical achievements now permitted 
b 3 ' successful “heart-limg bj-pass,” we are in danger of ignoring certain fundamental 
surgical principles which, I feel, cannot be ignored. 

The introduction of foreign substances into the bodi' is rareW acceptable, safe, or 
■satisfaetorj' as a long-term policj’. A piece of inert material buried in some relativeh- 
inaetii e part of the body may givo no trouble. But here it is proposed that it is safe, 
and is sound surgeiy, to introduce foreign material into one of the most active parts of 
the bodi-—the outflow tract of the right ventricle. Moreover, in one third of the cases 
this substance is astride the pulmonarj* valve which is therein- rendered totallv re¬ 
gurgitant. I find it difiieult to believe that a foreign substance, constantly exposed to 
such severe mechanical strains, will not give rise eventuall.v to serious trouble. This is 
quite apart from the inevitabli' harmful effects of total pulmonarv regurgitation. 

This technique also ignores the fact that the disproportion between the two cir¬ 
culations is more extensive than the pulmonarv outflow; it extends to the balance of 
power and distribution of effort of the two ventricles. 


I find it difiieult to believe that this technique is an acceptable solution to the 
problem of the correction of the smallness of the pulmonarv outflow tract. 

I siiggest that there is an alternative method of increasing the size of the outflow 
tract more plij-siologicallj*, that is b.v giving nature a chance, bv encouraging the natural 
process of growth. This process is incvitabl.v related to function and can be achieved 
by a preliminarj’ direct operation to relieve the pulmonarv .stenosis, whether it be valvular 
or infundibular or both. When sufficient time has elapsed to enable the pulmonarj- out¬ 
flow to develop and the balance of the ventricles to be more happil.v adjusted, then the 
septal defect can be closed by a second stage. 

I am second to none in agreeing that, whenever possible, a single-stage, totally 
corrective operation shouid be done for Fallot’s tefralogv. Fallot’s tetralogy, so-called, 
is, however, not a disease entity, is not a homogenous group. Tlie label covers a whole 
range of conditions of abnormal development, and to apph- one standard method of 
operation to all seems to laclc finesse. 1 believe that for these veyv difficult U'pes of 
Fallot’s tetralogj' in which the pulraonarx- outflow is so small and the disproportion be¬ 
tween the aorta, the pulmonary- vessels, and the two ventricles is so extensive that some 
form of two-stage operation is necessarv, the first, or preliminary stage should relieve 
the stenosis; the second stage will consist of closing the sept.al defect. 

Time alone can tell whether a standard one-stage corrective procedure is possible. 
Because these patients leave the hospital apparently well does not convince me that they 
will continue well for the remainder of the long life that should lie before them if they have 
in truth been “totally corrected and cured." I leave to you the simple thought that in some 
of these cases there is and will always be a place for some form of two-.sf.age. gradual y 


eorrective procedure. 

DB WILLIAM W. L. GLENF, Mew Haven, Conn.—I would certainly like W ex¬ 
press my very great admiration of Dr. Kirklin’s and Dr. Lillehei’s magnificent work m Ue 
correction of the tetralogy of Fallot. The direct correction of this lesion is obr.ouriy t 
procedure of choice when possible. We have been interested in the P^^We-^ . 

casional case of the tetralogy that cannot be corrected by the the rLit 

tieularly in other patients with conditions characterized b.i malf = 

side of W heart where correction by direct technique is either not possi 

satisfactory. 
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About ZK jears ago, in 1054, -uo reported onr first c\ponence tlic apphc-itioii 
in tlio e\peiimcntal immal of a pioccdurc similar to that just clcscribed bj Dr Kasmussen 
A shunt lias made bctnecu the superior vena cam and the distal right pulmonary arterv 
After c\tcnsv\e tvperuncutal trial, this operation xv is applied to a patient xMth a single 
\cntnclo pidinonirj stenosis in transposition o£ the great vessel (slide) 'Ihis slide 
shows in angiogram of a child 7 3 ears of age who had this combination of defects and 
whore tlio distal end of the riglit pulinonarj artcrj x\ns anastomosed to the side of the 
superior \ena ca\a and the superior \cna cn\a was then ligated just above the right 
aunde Tins angiogram xias luado 2 months following operation, which was done in 
Februarj, 19oS It shows the dje injected into the left brachial xein entering the superior 
\ena ca\a, then the distal right pulinonarj arterj bvpassing the riglit side of the heart 
Uie dje then passed rapidlj through the lung, the pulmonar} \eins, and into the left 
auricle 

I would like to point out particiilarlj that this procedure is fraught with great 
hazard if thrombosis of the anastomosis should occur It should therefore be done onh 
m preference to otlior corrcetixo or palliative procedures where the indications are ev 
ceptionallj clear I should lil c to emphasize, also, that the procedure should not be 
performed unless the pulmouarj artorj pressure is low or certainlj normal, but never 
where it is elevated, and it should be performed onlj when the vessels concerned, the 
pulmouarj arterj, and the superior vena cava, arc of large size 

DK C ^VALTON LILLEHEI, Mmnc ipoli«, Minn —Tetralogj of Tallot is a curable 
malformation I Our experiences of the past 4 jears demonstrate tint uncqiuvocallj More 
over, the complete correction can be carried out in consecutive patients unsclccted other 
than by virtue of the fact that thej are **in tiouble,*^ with on immediate operative risk 
comparable to and even less than that possible with flic palliative procedures And, bevond 
this it IS in the months and jears following operation that the great dividends of restor 
mg the circulation to normal arc returned with compounded interest 

In the beginning m 1954, due to flic learning phases inliorent in the dovclopniont 
of both new perfusion methods as well as new operative techniques for a complex defect, 
the immediate operative nsK was lughcr for the complete correction than for the palliative 
procedure However, even then this increased nsk was more apparent than real for, in the 
first 10 patients to have the curative procedure, there were siv- successes and four deaths 
(Ann Surg 142 418 445, 19oo) In the 2^^ jears that hare elapsed since this first senes 
was treated there has been no late mortalitj among the succc'tsful cases and, an fact, none 
of those 6 patients has had any cardme difficulty whatsoever Most hare now been le 
studied objcctirelj and proved to have normal phjsiolog) Thus, even this initial nior 
talitj of 40 per cent compares quite favorablj with the 30 per cent death rate noted in 
a senes of 110 shunted patients followed 2 to 10 years (Arch Surg 75 928 945, 1957) 
Moreover, in tins latter «erics an additional 10 per cent were alive but unimproved and 
obvious candidates for another operation 

Therefore, at the present tune, when the curative procedure can be earned out with 
an operative nsk of 10 per cent or less and the late mortality can be expected to be neg 
ligible, there is not tlic slightest doubt as to the procedure of choice 

As a result of this and numerous oHicr tlierapeutic gams, the field of intracardiac 
surgery is a burgeoning speciality The transition from extracardiac to intracardiac tech 
mques requires not onlj broad operative experience in thoracic surgerj but a dedicated 
interest and knowledge as well of the known and experimental aspects of the phjsiologv 
of respiration and circulation, not to mention cardiologj TJius, no wonder one finds now 
and then traces of doubt expressed b> some surgeons be«ct with earlj failure However 
this lack of courage upon their part to carrj through can be expected to pas*? 

4t the 1958 Meeting of the Univer^itj Surgeons in Februarj, we sought to analjze 
our experiences in the surgical treatment of the first lOO patients with the cjanotic varietj 
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of tctralop' and five factors stood out as important contributions to the significant reduction 
in risk nliicli has occurred. I should like to show this slide which summarizes these as follows: 

1. Efficient Perfusion .—Our average cyanotic tetralogy patient requires a 60-minuto 
[)t‘i fih‘iioii foi a curative oj^erafion. Arterial blood pressure is continuously monitored and 
is maintained at a normal level by adjusting the flow rate accordingly. Here, in respect 
to pressure maintenance, is one of the values of using an occlusive pump. Heniolj'sis, 
as Dr. Hodges has pointed out in the Forum, has virtually nothing to do with whether 
a pump is occlusive or nonocclusive, but maintenance of flow against resistance does. 

The metabolic efiiciency of the helix reservoir bubble oxygenator has been an im¬ 
portant factor contributing to routine success in these longer perfusions. Especially 
important are its safety factors related to sterilization of all parts in contact with blood 
by autoclaving, and the fact that the entire extracorporeal circuit except for a few ea.silj' 
cleaned stainless steel connectors and adaptors is disposable. It is surprising to me that 
in 1958 some surgeons are still working with equipment that cannot be heat sterilized and 
is not onlj" not disposahle but of design diflScult to clean. In addition, some of the film 
oxygenators in use require significant quantities of saline, albumin, dextran, or P.V.P. 
in order to function. It is no wonder then that, under such circumstances, patients are lost 
due to such complications as infection, hemorrhage, and pulmonary or cerebral edema. 

Moreover, gadgeteers obviously with more money than physiologic background are 
still equipping pump oxygenators with various electronic level sensing devices that, in 
situations of duress, function solely to maintain the machine’s blood volume at the expense 
of the patient’s. Nothing could be more ill conceived. 

2. Ventricular. Defect Closicrc .—In tetrad patients, a prosthesis is necessary very 
frequently. The defects are usually large and their margins of soft, red muscle will not 
hold stitches for long under any tension. 

3. Bight Ventricular Outflow Tract Beconstruction .—The severity of the stenosis is 
widely variable as must be the surgical techniques to relieve it. However, in the severe 
cases the sine qua non of success is the use of an outflow roof as previously described 
(Arch. Surg. 73:526-531, 1956). In a few very severe hypoplasias of the bulbis cordis region, 
it is necessary to continue the outflow roof across the annulus into the main pulmonary 
artery. 

4. Selective Cardiac Arrest .—Elective asj'stole with potassium citrate has proved very 
valuable in the tetrad group, but must be used selectively for best results. That is, induced 
only if necessary in that particular case and, then, only for as long as absolutely necessary. 
The duration of arrest is best kept under 30 minutes. We used to vent the left atrium 
with a catheter in all tetralogy patients (Extracorporeal Circulation, Springfield, 1958, 
Charles G Thomas, publisher, pp. 41-56) but this is now accomplished by the simpler method 
of releasing the aortic clamp early enough to allow the ventricular defect itself to act 
as a vent while the ventricular patch is being seated and the stitches tied. 

5. Complete Heart BlocJc .—In the pi-esent state of our knowledge it has been im¬ 
possible to avoid this complication in 10 to 15 per cent of tetralogy patients. Surgeons 
who say they have no heart block problem are simply not doing much surgery of this type. 
Fortunately, the myocardial electrode with internal pacemaker stimulation handles the 
situation very well until sinus rhythm returns or adaptation to the slower rate has occurred. 
The next advance is to learn how to avoid block completely. 

DE. KIEKLIN (Closing).—I should like to thank Dr. Rasmussen and Dr. Glenn for 
giving us their experience and their views on this subject. Perhaps I might be permitted 
to comment specifically on Dr. Gerbode’s discussion and that of Sir Eussell Brock. It is 
pertinent I think to emphasize again what Dr. Gerbode has said, namely, that if one re¬ 
lieves the obstruction to outflow from the right ventricle by a reasonably good operation, 
and leaves the ventricular septal defect open, the residual shunt does not continue to be 
right-to-left, but becomes, suddenly and overwhelmingly, left-to-right. I think this is 
obvious. Along the same line one must remember that if one makes a complete repair 
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of the \ontncular septal defect there is suddenly a marl edlj incroised pulmonary 
In other ^^o^ds, the right ^entr^clc is noi\ ejecting all its blood across the pulmonary lahc, 
whereas prior to tliat, of course, it iins ejecting a good deal of it acro'Js tlio \cntricular 
septal dt-fect Iho right \ontricutar pressure is a function not onlj of that resistance 
but also of the tloi\, and when /low goes up an opening nhich has been onlj modorateh 
increased in size In the operation it nm^ produce a right acntncular pressure Tihicli is 
the sumo as it nas before surger}, or indeed Jiighcr So one must opon this area nidelj 
I was privileged to discuss a month or so ago nith Sir Russell Brock tins problem 
of the outflow tract, and I think his commeiits and his admonitions must be \on carefulh 
considered Personally, I agree complctoJi that am foreign substance ninnhore in 
surgerv is undesirable and sliould be aioided if possible I suppose I am particularly 
concerned about something like compro'^sed Iialon sponge, iihich is fairlj leathery and 
i\hich probably is not incorporated within tissues 

I agree that it might not be a \cr\ important technical point whether one repairs 
the lentncular septal defect bi direct sutiiro or sponge, but if both are equally satis 
faeton then it must ho better without a sponge since we liaie no foreign material In 
the outflow tract howeier, it appears neccssari in some cases to make some sort of 
plastic reconstruction I suppose then wc must accede to the possible objection tint this 
is tlio Achillea’ heel of this particular operation Still, wo haio no GMdenco as yet, as 
Dr Lillehci pointed out, after 2 years of cxpononce, that any one of these patients has 
had late trouble One thing that perhaps worries mo a bit about a two stage procedure 
as suggested b\ Sir Russell, is whether the very small fibrous pulmonary vahe ring, not 
the outflow tract, not the mam pulmonary artery, but this lery small ring, would enlarge 
significantly* with the resection of the fibrous tissue beneath it Perhaps it will, I do not 
know I thinl we haye to admit that this is not yet a completely settled point, but I do 
think wc ha\e a right to assert that in the C yeara nt least that those patients Jmio been 
followed there haie been no ill effects 
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A~\ UR TOTAL experience ■with the open repair of interatrial septal defects of the 
so-called secundum variety is now somewhat in excess of 100 cases. In 
addition, we have treated 20 patients with pulmonary valvular stenosis, asso¬ 
ciated with patent foramen ovale or atrial septal defect, and a few others with 
septum primuin or atrioventricularis communis. Because of the important 
differences in the pathologic anatomj’^ and physiology which occur in tlie pres¬ 
ence of these latter anomalies, it seemed wise to confine the subject of this re¬ 
port to a study of those patients wlio had some variant of the secundum-type 
lesion, and who did not have pulmonary outflow obstruction. This paper, 
therefore, concerns the first 100 consecutive patients recommended for surgery 
and proved to fit into this category at open-heart operation. 

SURGICAL BACKGROUND 

Tlie history of the operative repair of atrial septal defect has been typical 
of the recent rapid development of cardiac surgery in general. Groupings for 
usable techniques and tolerable cardiac manipulations were made in the ex¬ 
perimental laboratories after the methods for thoracic exploration in general 
became understood. Attempts to create an experimental preparation which 
simulated the clinical defect were soon successful and, using this preparation, 
actual metliods for closed, or nonvisual, repair were soon elaborated. Some of 
these were crude while others became more refined and, in fact, are still in use 
today in a few centers. Meanwhile, the effort to develop techniques for the 
visualization of operative fields inside the heart was vigorously pursued in 
many laboratories. The first method for open-heart surgery to achieve a 
degree of safety wliich warranted apiilication to tlie liuman was liyjiotliermia. 
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and foi 3 \oais bcfoie the use of caidiopulnionai'v bypass became geneialb 
available, i\e gained evpeiiencc with tins tccliniciuc and sohed inan'\ of the 
problems encoiintorcd in the open opcratiie lepair of atiial septal defect At 
present, then, nidespiead tiial of both Inpotheimia and caidiac hjpass is being 
made in laiious centeis thiongbout the noild .Siiieo bv the time the lieait 
lung imehine became aiailable, Inpotheimia had been developed in oin clinic 
to a degiec of safetv appioaehing a iish of rcio, and since the opeiation had 
piovcd so effective, v\e saw no leason to discoiitmne this method In the long 
mil, the choice of technique vnll cineige in teims, fiist, of safetv to the patient 
and effectiveness of the opeiativc piocediiie then, of simplicitv, cost, and 
blood banking problems In the piescnt scries, all of the opeiations wore per 
foimed dining circulatoiv aiicst vvhile the p.iticnt was m a state of lijpo 
thermia 

The fiist studies contributing to the ston outlined above aie those which 
evolved a technique foi tlie tompoiaiv inteiiiiption of blood flow thioiigh the 
beait It IS smpiising that this method, first dcsoiibed evperimentallv bv 
Haechei' in 1907, was appaieiitlv not used chnicallj until Swan, in 1019, 
applied It to the open removal of foieign bodies in the heait” and tlio closed 
lepair of atiial septal defects'' Hacekei s woik was soon confirmed bv both 
Saueibrucld and Rchn It was soon established bv Licwen and Sicvois' that, 
in rabbits, inflow occlusion was much bcttci tolciated than outflow occlusion 
Survival lolcs following vaiious duiations of inflow occlusion in animals at 
normal tempciatuies have giadinlh become established, and the concept of a 
lapidlv rising moitalitv aftei a shoit safe peiiod has emoigcd As a lesult of 
expciiinents bv Schoppelman, Carrel,® Tufficr,'’ 0’Shaugbnessy,’° Adams and 
Escudoio," Shaw and co woikeis,*" Templeton and Gibbon,Cohen,'* and 
Swan'-' and then associates, it became appaieiit that .all dogs will survive ll/k 
minutes of occlusion, most dogs will tolciatc 5, vvhcieas the majoiitv will sue 
Climb it the pciiod is lengthened to 10 minutes 

Ahaiious measuics to ineicase the safet) of long oi middle lange occlusion 
have been suggested Brain perfusion® was not successful Hvpcnentila 
tioii’* bcfoie occlusion and lievaraetbvlamine'® weie suggested but not widclv 
adopted Adams and Escudeio," m then important studj, felt that a gradu.il 
ictuiii of woik load to the he,ait following oeclusion in the middle langc 
helped icdiice the incidence of caidiac death They demoiistiatcd that moic 
blood letunied to the heait via the nifeiioi vena eava than via the supeiioi 
vena cava, occlusion of the foimei alone caused a 60 pei cent diop m caiotid 
aiteij pressure, while occlusion of the lattci caused oiilv a 30 pei cent diop 
Thej recommended tlieiofoie, lelease of the supeiioi vena cava fust, followed 
after a few mmntes bv lelease of the infciioi vena cava Thus, the oveidistii 
Imtion c.nisod bv a sudden laigc flow of blood piesenftd to the livpovie heait 
is pi evented 

The influence of Inpotheimii on the toleiablc liimfs ot inflow occlusion 
Ills been cvtcnsivelj studied and the loports .aie too numovous for levnevv 
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UR TOTAL experience mth the open repair of interatrial septal defects of the 
so-called secundum variety is now somewhat in excess of 100 cases. In 
addition, we have treated 20 patients with pulmonary valvular stenosis, asso¬ 
ciated with patent foramen ovale or atrial septal defect, and a few others with 
septum primum or atriovcntricularis communis. Because of tlie important 
differences in the pathologic anatomy and plij^siology wliieli occur in the pres¬ 
ence of these latter anomalies, it seemed vnse to confine the subject of this re¬ 
port to a study of those patients who had some variant of the secundum-type 
lesion, and who did not have pulmonary outflow obstruction. This paper, 
therefore, concerns the first 100 consecutive patients recommended for surgery 
and proved to fit into this categoiy at open-heart operation. 

SURGICAL BACKGKOUND 

The history of the operative repair of atrial septal defect has been typical 
of the recent rapid development of cardiac surgeiy in general. Groupings for 
usable techniques and tolerable cardiac manipulations were made in the ex¬ 
perimental laboratories after the metliods for thoracic exploration in general 
became understood. Attempts to create an experimental preparation which 
simulated the clinical defect were soon suceessful and, using this preparation, 
actual methods for closed, or nonvisual, repair were soon elaborated. Some of 
these were crude Avhile others became more refined and, in fact, are still in use 
today in a few centers. Meanudiile, the effort to develop techniques for the 
visualization of operative fields in.sidc the heart was vigorously pursued in 
many laboratories. The first method for open-heart surgery to achieve a 
degree of safety Avhieh warranted application to the human was hypotliermia, 
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and foi 3 jenis bcfoic tlie use of cardiopiilmonaij bjpass l)ecame fteneialh 
a\ailable, ne gained expoiionce witli tins technique and soUed man) of tlio 
piobloms encountered in the open opeiatiic lopaii of atiial septal defect At 
present, tlien iiidespiead tiial of both hipotheimia and cardiac bipass is being 
made in laiious eciiteis througboiit the ivoikl Since bj the time the lieait 
lung machine became aiailable, hyiiotheimia had been developed in our clinic 
to a degree of safetj appioaclimg a iisk of rcio, and since the opoiation had 
piovcd so effective, ive saiv no leason to discontinue this method In the long 
lull, the choice of technique will emcigc in teiins, fiist, of safeti to the patient 
and olfectuencss of the opeiative pioecduic, then, of simphcitv, cost, and 
blood banking pioblcms In the present scries all of the operations iveie per 
formed dining cireulaton' aiiest ivhilc the patient ivas in a state of lijqio 
tlieimia 

The (list studies contiihutmg to the stoiv outlined above arc those which 
evolved a technique for tlie tempoiaiv iiiteiiuption of blood flow thiough the 
lieait It IS siiipiising that this method fiist deseiibcd expenmentalh bv 
Haoolcci'' in 1907, was appaientlv not used elniicallv until Swan in 1919, 
applied it to the open icmoval of foieign bodies in the heart® and the closed 
lepaii of atrial septal defects’ Haeckel’s iroik was soon confiimed bj both 
Sauorbiuch'' and Rolin ■' It w<is soon established bv Laewen and Siovcis' that, 
in labbits inflow occlusion was much bcttci tolciated than outflow occlusion 
Siiivival lolcs following vaiioiis diiiations of inflow occlusion in animals at 
noimal tempeiatuies have giadtialh become established, and the concept of a 
tapidlv using inortalitv aftei a short safe pciiod has cmeiged As a lesiilt of 
ovpeiimeiits bj Scheppelman, Can cl,® Tufiicr,'' O’Sliaiiglmessy,’'’ Adams and 
Escudeio,” Shaw and eowoikers,’" Templeton and Gibbon,” Cohen,” and 
Swan’" and thou associates, it became appaiciit that all dogs will survive H/k 
minutes of occlusion, most dogs will tolerate 5, wbeieas the maioritv will sue 
Climb if the peiiod is lengthened to 10 minutes 

Vaiioiis measuies to incioasc the safetv of long oi middle laiigc occlusion 
have been suggested Biain peifiisioii® was not successful Hjpeiventila 
tion” befoie occlusion and he\amethvlamme'“ were suggested hut not widelj 
adopted Adams and Kseudeio,” in then important studv, felt that a gradual 
letuin of woik load to the lieait following occlusion in the middle range 
helped lediice the incidence of cardiac death Thei demonstrated that nioie 
blood rctuiiied to the bcait via the infciioi vena cava than via the superior 
vena cava, oeclusioii of the former alone caused a 60 pei cent diop in carotid 
arteiy piessiire, while occlusion of the lattei caused onlj a 30 per cent drop 
They lecomniended theietoie, leleasc of the supeiioi vena cava fiist followed 
aftei a few inmiites bv idcase of the mfeiioi vena cava Thus, the ovciihstii 
bution caused bv a sudden laige flow ot blood piesentod to the liipovit liearl 
IS ]nevented 

T}io influence of livpotheiiiin on the toleiable limits of otelusiou 

has been ertensivelj studied and the icpoits aie too numeioiis foi icviow 
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in tliis paper. In spite of these studies, however, there is still no general agree¬ 
ment concerning the survival limits in man for the brain and for the heart 
duiing cardiac inflow occlusion at various levels of decreased body tempera¬ 
ture. Nonetheless, it is apparent, both experimentallj^ and clinically, that 
hypothermia has lengthened the “absolutely safe” period of inflow occlusion 
by a sufficient amount to be eminently practical for intracai’diae procedures 
not exceeding 10 minutes in duration. 

The development of a method for the experimental creation of interatrial 
septal defects was an important preliminary to the evolution of techniques for 
repair. Simple incisions and small excisions of atrial septum promptly heal 
(Martin and Essex,and Dodi'ilP®). Blalock and Hanlon^® created a persistent 
defect, but one which lay anatomiealli’’ above and posterior to the usual clinical 
lesion. Using the inflow occlusion principle, Swaifl® created large defects in 
the mid-septum by direct-vision excision. These defects allowed the elaboration 
and evaluation of techniques for closure. Other methods for creation of the 
defects were subsequently devised (Hufnagel and Gillespie,®® Donald,®* and 
Gross®® and their co-workers) and from these studies techniques for closure 
were suggested. 

The first exiierimental attempt at repair of an atrial septal defect, how¬ 
ever, was that of Cohn in 1947,®® using a patch of auiicular wall. Swan,*® 
in 1950, suggested the inversion of the auricular appendages through the 
defect, thus attempting to plug the hole. Although this was only partially 
successful, a principle was established which later proved of importance. This 
was the concept of the “doughnut-lumen” of the auricles, which it was shown 
did not interfere with the flow of blood from the venae cavae to the tricuspid 
valve. This pifnciple was applied clinically in 1950, and on May 6, a 9-.year-old 
patient was operated upon, using this technique, at the Colorado General 
Hospital. It is believed that tliis patient is tlie first individual to survive an 
attempt at surgical repair of an interatrial septal defect. (He has subsequently 
had successful open closure of the I’esidual defect.) The principle of the 
“doughnut-lumen” was later utilized by Bailey and his colleagues in 1952,"'’ 
who modified the technique to involve suture of the lateral wall of the auricle 
rather than the appendage, and by Shumacker and his associates,®® Avho added 
to the procedure a sac made of pericardium or plastic materials attaclicd to 


the auricular wall. 

Meanwhile, another i^ariation of the patcli idea of Cohn was being ex¬ 
plored. Instead of a part of heart muscle, inert plastic buttons were examined 
to see if they would not excite undue thrombosis and to determine their fate 
when sutured to the wall of the auricle. Hufnagel and Gillespie, in 1951,-® 
described an ingenious method for the application of two nylon buttons. Swan 
and Stewart, in 1953,®® described a modification of the original ‘ button 
technique which left a polyethylene .sheet over the defect inside of the right 
auricle and, in this publication, described the remarkable process which fiis. 
covered the plastic with fibrin and then, by the process of eiidothelization, com 
verted tlie fibrin envelope to a smooth glistening membrane si - 

rounding the polyethylene prosthesis. Later, Donald and associates, usiii,. 
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polj\injl sponge, Miller and eo \\oikcis,“ Pomoian^, AVatkins and Gioss,"' and 
Balinson and Bakci“ studied a ^allet\ of tissues and plastic in iteiials iin 
planted in the lieait Tin sc cxpeinncnfs demonstiatcd the impoitant tact that, 
■nheieas peiicaidial giatts oi otlioi autogenous oi lioniologous lice tissue gialts 
estite tliioniliosis and aic leplictd In filuous seals a vaiicti oi pi istie ina 
teiials aie uell toleiatcd in the lumen of the am iclc, and excite piocessos 
mIiicIi lesult in then liccoming eonipleteh encased in a smooth, endotlieliaed 
meinbiaiie Utilizing this piiiieiple, Iviikliu and eovoikets''' lepoited a sue 
eessful clinical senes, in I'In'i, iilacing the poljviml sponge aeioss the defect 
hi iiicans of the Ctioss “iiell ” 

Another technique foi the closiiie of septal defects, iiameli, a ciiciilai 
siiluie passed outside of the lieait aiound the defect nas suggested hi Miniay 
111 1948,’^ and subsequentIj dci eloped hi Sondeigaard” cxpeiimeiitall}, and 
giicii elimeal tiial by Bjoik and Ciafooid A laige siitme, in this technique, 
IS passed tluougli the uppei edge of the lentiiculai septnin oi the loiioi poition 
of the atiial septum and then tied donn in a piciioiisly developed plane he 
til con the light pulmonaii veins and the postcrioi aspect of the right atiiiini, 
thus squeezing closed the entiie atiial septum It is obvious that this tech¬ 
nique, while possible foi the simplci defects, is not anatoimealh suitable for 
the raoie complex lesions with abeiiaiit piilmonnij veins 

Meanwhile, a diieet vision attack, in 1953, was achieved fiist hv Lewis and 
Tanfie®'' aftei eonsideiablo experimental woik in the laboiaton utilizing Iijpo 
tlieimia, a piiiicipIe of inflow occlusion and open atiiotomx with diieet sutuic 
of the defect Sliortlj theioaftei, wc also nndeitook a stiidv of this method® 
climealh, and tins loport compiiscs oui observations on the use of this 
method in oui fiist 100 patients ticatcd in this fashion 

ANATOVIT 

The emhijologj of the atrial septum has been so well described bj 
Eokitanskv’* and bj Patten” that the terminologv has been universallv 
adopted In the lattei’s opinion, the septum secundum defects lesuIt fiom 
citboi iioimal development of the septum secundum with excessive lesoiptiou 
of the valvnla foiamiiiis ovalis, oi attest in the development of the septum 
secundum wnth failme to leach the caudal maigin of the ostium secundum A 
fnithei degiee of classification would have some clinical ineiit if it helped the 
suigoon undeistand the vaiiatioiis of the anatomv eneountcied Kiildm,®' 
Lewis,®® and Bedfoid®* and their cowoikeis have discussed this pioblem Oiii 
own classification is in geiieial agieemeiit with all thioo authois, but diffeis 
fiom othci s\stems in oiii distinction between so called “piimum” detects and 
atiiovontiiculaiis communis This classification follows 

I Intel atiial septal defect, secundum 
A Foi amen ovale defects 

1 Foianien ovale open due to defect iii valwula foiammis ovalis 
which maj he paitiallj picsent as a caudal oi doisal inaigin, oi 
as a fenestiatcd meiiibiaiie 
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2. Valvula foramiiiis ovalis absent; lower margins apparently con¬ 
tinuous with valve ol inferior vena cava. Anomalous pulmonary 
venous drainage may be assoeiated with this detect. 

B. Septum secundum defects (high). 

These defects are situated immediately inferior to the entrance of 
the superior vena cava; they usually have no cephalic or dorsal 
mai'gins; they are often associated with anomalous return of pul- 
monaiy veins from the right lung to the right atrium or superior 
vena cava, or with anomalous pulmonary venous retuim from the 
left lung into a left superior vena cava and/or a coronary sinus. 

C. Combined defects. 

II. Interatrial septal defect, primum. 

These defects, which are very rare, are situated in the lower portion 
of the septum; there is no inferior margin above the upper edge of the 
ventricular septum, hut also there is no defect or cleft in either of the 
atrioventricular valves. 

III. Atrioventricularis communis. 

1. The atrioventricular cushion is intact and the “ ventricularis ” part 
of the defect consists onlj^ of a cleft in a mitral or tricuspid leaflet. 

2. A frank defect in both septa is present. 

Evolution of this classification was stimulated because of the clinical im¬ 
portance of distinguishing lesions not amenable to short open-exposure cor¬ 
rection. The characteristic aspect of atrioventricularis communis is the pres¬ 
ence of incompetence of one or both atrioventricular valves. This phenomenon 
results in a very different alteration in hemodynamics and thus a very different 
clinical entity than Avith atrial defect alone, where the valves are both compe¬ 
tent. Thus, the hypertropliy of the left ventricle, the lack of marked right- 
sided preponderance in the electrocardiogram, and the presence of a blowing 
systolic murmur heard best at the apex or just to the left of the sternum in 
the fourth and fifth interspaces are distinctly at variance Avith the findings in 
defects of the atrial septum alone. MoreoA’^er, since the septal leaflets of both 
the mitral and tricuspid valves embryologically are derived from the tissue 
Avhich also forms tlie ventricular septum, a congenital defect of these struc¬ 
tures, it seems to us, should be considered as a variant of ventricular rather 
than atrial septal development. When associated Avith a hole in the atrial 
septum, such a combination is truly atrioventricularis communis, in its mildest 

form. 

tabif I Distribution of Anatomic Types op Atrial Septal Defects and Their 
' ■ _a.ssociation With Anomalous Pulaionary Venous Drainage_^ 


TYPE OF lesion _ 

Foramen Ovale Defects 

1. Defect in valve 

2. Valve absent 
Septum Secundum Defects 

Co mbined Defects _ 

Totals __ . 


NUMBER 

NUMBER WITH ANOMALOUS 
PULMONARY A'EINS 

77 

2 

9 

4 

12 

10 

2 

0 

100 , 

16 
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With this classification, then, septum pi-iiniim defects become extremely 
rare. Most lesions which others might classify in this fashion are associated 
with a mitral cleft and thus we classify them as a variant of atrioventricularis 
communis. On the basis of this classification, the di.stribntion of cases in this 
series is presented in Table I. 

CUNICAL MATERIAL 

The first patient in this scries was a 26-ycar-old woman who was operated 
on April 15, 1953; the one hundredth ivas an 8-year-old girl operated on Jan. 
IJ, 1958. The age span was from 10 months to 45 years, distributed as shown 
in Fig. 1. The jump in incidence in tlie 6- to 10-ycar group may bo a function 
of school entrance examinations at age 5 or G. The large number of relatively 
old patients coming to surgery lor a congenital defect reflects the lack of a 
previously available method of repair. A large backlog of untreated patients 
exists in the population. It is to be hoped and expected that as the years go 
by, with greater awareness of flic desirability of early treatment on the part 
of physicians in general, most of the patients with this disease will be rec¬ 
ognized at grade soliool age and referred for treatment when the operative risk 
is very low, in fact, roughly equivalent to that for repair of patent ductus 
arteriosus. 



AGE GROUPS INCLUSIVE 

Fig. 1—Age (Ilstrlbution at siirBciy for alilal septal defect (100 cases). 

It is worth noting that the influence of sex on the incidence of this disease 
is quite pronounced. Our experience is similar to that reported by many 
others. Wo had 68 female patients, as compared to 32 males. Since roughly 
two out of three defects occurred in females, tlie sex of the patient becomes a 
minor factor in the diagnosis. 

THE NATURAL, HISTORV OF ATRIAL SEPTAL DEFECT 

During fetal life, the presence of an atrial septal defect places no in¬ 
creased burden upon the circtilation, as the normal blood flow passes from 
right atrium to left. Following bhtli, a left-to-right shunt at this level is pre¬ 
vented by the closure of the foramen ovale. However, if a considerable atrial 
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septal defect is present, the two ventricles filh.from a common source, and ^yhat 

eoinplement of blood each receives depends on the resistance to filling whicli 
each offers. 

Thus, at birth, the heart size in such a situation is normal, and it is rare 
for a patient whose sole malformation is an atrial septal defect to die in the first 
year of life. At birth, moreover, the right and left ventricles are of about 
equal muscular development and the pressures in the systemic and pulmonary 
circuits are about equal. As time goes by, liowever, there is a fall in pulmonary 
vascular resistance and a rise in systemic resistance. Concomitantly, the 
muscular development of the left ventricle comes to exceed that of the right, 
and the resistance to ventricular filling likewise becomes greater on the left 
side. Thus, it is easy to understand the gradual increase in the left-to-right 
shunt through the atrial septal defect as the resistance to passage of blood into 
right ventricle and pulmonary circuit becomes significantly less than that into 
left ventricle and aorta. This change occurs relative].y slowly during the first 
year of life and the circulation is able to adapt itself to the derangement of 
hemodynamic pattern. The right ventricle and pulmonary artery pressures 
fall, and the normal regression of the fetal pulmonary vascular pattern takes 
place. 

Accordingly, the patient with an atrial septal defect usually does very 
Avell in the first year of life, and rarely is the diagnosis made at this time. A 
further factor that may operate in this period is that, as the right atrium dilates, 
the atrial septal defect probably increases in size, further augmenting the left- 
to-right flow. Thus, anost patients with this lesion have little in the way of 
symptoms during the first decade, and often the second as well. Frequently, 
however, they begin to note the development of symptoms in the thai'd decade 
of life, consisting of insidious fatigue and dyspnea on exertion. The progres¬ 
sion of the average case from this point onward can, so it seems, proceed along 
two paths. 

Fii-st, a large pulmonary blood flow may be maintained, with a large left- 
to-right shunt at the atrial level and a low pulmonary vascular resistance. 
What rise there is in pulmonary artery pressure is on the basis of a large floAV. 
Extreme dilatation of the right heart occurs, tricuspid valve insufficiency 
supervenes, and congestive heart failure Avith its typical features and sequelae 
may ensue, even in the presence of greatly increased right ventricular stroke 
volume and pulmonary blood floAv. 

Second, and more commonly, the natural history of the anomaly is 
o'overned by the development of obliteratiAm disease in the pulmonary vascular 
bed due perhaps to autochthonous thrombosis or miliary embolization asso¬ 
ciated Avitli reversible and later irreversible arterial changes. 

With the rise of pulmonary artery pressure that accompanies these changes, 
there is increasing hypertrophy of the right ventricle and increasing resistance 
to emptying of the right atrium. The left-to-right shunt at the atrial level 
diminishes In magnitude and may become balanced or reversed. The right 
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^ontlIoIe e\ciitualh fails iinilei the stiess of the picssiiio load against nluch it 
imist noiK—as against (ho nunc casih home vohinu load of the patient nhoso 
pnlnionais icsist.mcc leinains low 

It must ho cinphasi/od tint ill comlniiidons ol (liisc 1«o (xpis ot piociss 
imn he soon, and at all ages O'he aoiingcst patiint in oiii sciios was opcialod 
on at the ago ot 10 months Wc haso soon patients in then sciciith decade who 
still had a high pnlmonaii How and a low icsistancc We haic seen patients 
iindoi 10 icais of age who had scieic pulmonan lascnlai changes and a 
balanced oi leieised shunt rnialh, we liaie seen patients pass in a few leais 
fiom the fiist gioup to the second m a pciiod as shoit as a ycai oi two 

It IS with a hackgtonnd of this Icnoulcdgc of the pathologi and natnial 
histoii of the disease that each patient is assessed, and onli thus can the 
indications foi smgeij he eleailv foumilatcd 

lADIClTIONS rOR SURGERY AND SFLl CTION Or PATIENTS 

Eaih in the cxpeiienec of this centei, when the suigical iisk was liigliei 
and complete euie in doubt, and with the Icnowledgo that the defect is lelatiiob 
henign as compated with othei congenital hcait defects, theie was a natnial 
hesitancy in adiising opoiation Hoiieioi, this had changed Our coiifidenco 
has inoi eased as it has bceomo incicasnigh appaiciit that this is a low risk 
opeiation—thcie has not licoii one opeiativc death in the last 57 patients 
Fmtheimoie, postopeiativo catheteiization data haio shown that the piocodure 
IS cuiatne, and obsoivation of the patients aftei snigory leaenls wliat benefits 
can come to them While the outlook is on the whole lelativelj good foi a 
patient with an atiial septal defect, it is nc\crtheless still tiiie that the mean 
life c\peetaney is not much ovei 37 oi 38 yeais We know, too, that when 
trouble comes along, it maj cause lapid dcteiioiatiou, and we cannot picdict 
exactlj whicli patient wall bo thus affected Tlicrofore, at piescnt, the diagnosis 
of the uncomplieated lesion in patients midei 40 e eais of ago is sufficient to be 
a film indication foi its surgical collection Eacn in the aerj aonng age 
gioups, snigeii is stioiigly adeiscd men though the patient is entiieh 
asjanptomatic We belieae that if an atiial septal defect is oblitczated below 
the age of 8 jears, the patient lias an excellent clianco of baaing a iioimal 
cardioaaseiilai sjstem bj the time he grows into adulthood 

It is also consideied that what risk is piesent is less in the aoungei age 
groups, wo haae had onla one death below the age of 18 joais in a patient with 
an uncomplicated defect 

The ical decision, then, is when not to adaise suigeij, and this can at 
times, be aen difficult The obaioiis patunt to whom suigeia must be domed 
IS the one aabose piilmonaij icsistancc is so high that the inttiatiud shunt is 
balanced oi rea emed Tlie aaluc of siiigeia lies in closing the defect and abolish 
mg the increased pulmonarv blood floaa In sneli a patient, surgeia does not 
help and the opciatiac iisk is high In gencial, it is tine to saa that aaith in 
Cl easing pulmonaiv aascnlai resistance the benefits donaed fiom suigcia de 
eicase while the iisk of siiigiiv incieases commeiisiiiatela Wheic prccisola the 
diaiding lino should be diawii is not cisa to decide Howoaei, in these c 
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jyit], a high pulnionaiy vascular resistance, a pulmonary blood flow of no more 
than one liter higher than the systemic should raise serious doubts as to the ad- 
visabilitj' of surgery. 


Preoperative Assessment.—The diagnosis of an atrial septal defect is based 
upon careful clinical evaluation of the patient. Earlier in this unit’s ex¬ 
perience, the help provided by cai’diac catheterization was also called upon to 
provide confirmation of the diagnosis, and to provide a series of values with 
which the postoperative results could be compared. Nowadaj'-s, it is believed that 
the diagnosis can be accurately established clinically in 90 per cent of cases, 
except in the evaluation of the presence or absence of anomalous pulmonary 
venous connections. However, these can be recognized and dealt Avith so ex¬ 
pediently at surgery that this does not prove a serious practical problem. 

The clinical assessment encompasses history, physical examination and 
consideration of the electrocardiographic and radiologic features. ]\Iueh has 
been Avritten about these, and therefore thej^ Avill be mentioned only briefly’-, 
Avith details of the findings in this series. It must be stressed that, despite the 
broad limits imposed, this remains a group of patients selected for their surgical 
suitability. 


History: The symptoms varied from none at all to marked incapacity. 
The most obvious Avere dyspnea and fatigue, these being present in like measure. 
Before surgerj’-, 38 patients Avere essentially asymptomatic, 29 had mild, 23 
moderate, and 10 severe disability. 

Orthopnea Avas present before surgery in 5 cases. 

Palpitation, expressed as such or as “pounding in the chest,” Avas a not 
uncommon sjunptom, being experienced by 24 patients. 

Chest pain Avas ijrominent in the histories of 10 patients, but only in 3 of 
these Avas it suggestive of coronary insufficieneJ^ 

A story compatible AAdth congestiAm cardiac failure had been given in 7 
cases. 

Pulmonarj’- infections had been prcAmlent in 31 of the 100 patients. Of 
these, 9 had had pneumonia in early life, AAdiile 7 had groAvn out of this pre¬ 
dilection after the first fcAv years. 

Cjmnosis on exertion Avas questioned in 6 cases on liistorical grounds. 

Syncope, particularly on exertion, was prominent in the stories of 12 


patients. 

Physical examination: Most of the patients AA’-ez’e undenveight Avith 
respect to their height, and some (but by no means all) AA’-ere undoubtedly of 
the asthenic or “gracile” habitus. A precordial bulging was present in 40 
patients. The venous pressure Avas not usually elevated, although in the chil¬ 
dren Avith a very active heart, it Avas sometimes as high as 2 to 3 cm. above the 
sternal angle, a level Ave did not consider abnormal. A sj'-stolic thrill in the 
“pulmonary area” aa^s obserA'ed in 7 cases. The precordium Avas ahvays 
liA^erdATiamic in the region of the left loAver sternal edge, and tlie lift of pul¬ 
monary artery expansion was usually felt. The slioclc of closure of the pul¬ 
monary valve was frequently appreciable. On auscultation, the classical systolic 
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inurraiir causeJ l)y tlio passage of large volumes of blood through the pul- 
iiioiiaiT valve was heard in every case, maximally in cither the second or third 
left intercostal space. A short diastolic murmur, heard either at the left lower 
sternal edge or moi'e toward the apical region, was audible in 51 cases. This 
was considered to he due to iircreascd volume of flow through the tricuspid 
valve. In no ease, in the final analj’sis, was the diagnosis of “Ijutcmhacher’s 
syndrome” (i.c., atrial septal defect plus mitral stenosis) seriously entertained, 
and in no ease was it found. 

In 10 patients, the presence of a high-pitched blowing s.r.stolic nnirmnr 
was detected along the lower left sternal border, and was considered to reflect 
tricuspid insuffieieney. The murmur of pulmonary insnfHcieney was heard in 5 
cases. 

The second sound at the base of the heart was, in all cases except those 
with a high pulmonary vascular resistance, widely split and fixed with respect 
to the respiratoiy cycle. In the exceptional case with pulmonary hypertension 
due to increased resistance, the split was narrow or single, and the pulmonary 
clement of the second sound loud. 

7’he electrocardiogram: In no ease was this normal. The degree of de¬ 
parture from nonnalitj’ was related to the extent of right-sided hypertrophy, 
this being interpreted, aeeording to the findings, as reflecting hypertrophy of 
the right ventricle itself (RVH), its outflow tract (RVOII), or the region of the 
crista supraventrietdaris (CRISTA), the latter being the mildest form of ab¬ 
normality. Though to some extent undoubtedly arbitrary, this elassifieation 
has been found useful in comparing pre- and postoperative findings, and in 
relating the changes to the homod.rnamic and anatomic findings. This subject 
will bo thoroughly discussed in a subsequent publication. 

EVH was present before surgery in 53 cases, RVOH in 41, and CRISTA 
in 3. The electrocardiogram showed the classical “partial right bundle branch 
block” pattern in most cases, although when the right ventricular hypertrophy 
was severe a qR pattern appeared in the right precordial leads. Some of the 
patients revealed the pattern of so-called “complete right bundle branch 
block” but we have been able to sec no particular virtue in fixing an arbitrary 
limit for the QRS duration which separates a partial from a complete block. 

Fluoroscopy and x-ray-. Fluoroscopy was of the greatest help in the 
diagnosis. The heart was invariably enlarged, this being due to increased size 
of the right atrium and vcntriele. The pulmonary arteries wore large and 
pulsatile, and the vascular markings of the lungs e,\-aggerated. The over-all 
activity of the heart was seen to be increased, the exaggerated e.xcursion of the 
cardiac border being duo to the increased stroke-volume of the right ventricle. 
The left atrium, left ventricle, and aorta were never prominent in the patient 
with an uncomplicated defect. In the 2 patients with an additional patent 
ductus arteriosus, however, the aorta was thought to bo more conspicuous than 
usual. 

Cardiac catheterization; Cardiac eathclerization was performed prior to 
surgery in 93 eases, mostl.v at this center but also at various others where 
evaluation had boon eairied out before referral here. 
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The ratio of pulmonary index; systemic index was greater than 2.0 in 83 
of the catheterized patients, and between 1.5 and 2.0 in 10. Tlie total pul¬ 
monary vascular resistance, expressed as dynes-see.-cm.-yM." exceeded 800 
in 3 cases, the values being 910, 1,080, and 1,530, respectively. 

Slight arterial unsaturation, less than 92 per cent, was found in 26 
patients, but all of these had appreciable left-to-right shunts at the atrial level, 
and the oxygen level usually reflected mixing of blood in the two atria rather 
than a right-to-left shunt due to h 3 'pertensioii of the lesser circuit. 

Anomalous pulmonary venous connections were found at catheterization 
in 8 patients. 

Summary of preoperative diagnosis: On the basis of the procedures out¬ 
lined above, 100 patients were selected for surgery with the diagnosis of atrial 
septal defect, secundum variety. Two were considered to have in addition a 
patent ductus arteriosus, and 8 to have anomalous pulmonary venous connec¬ 
tions in addition to the atrial septal defect. In no ease was the diagnosis of 
Lutembacher’s syndrome made, and in no case was an ostium primum or 
atrioventricularis communis lesion suspected. Moreover, in no patient not in¬ 
cluded in this series was a diagnosis of septum secundum defect made when a 
septum primum or atrioventricularis communis defect was actually found at 
surgery. 

HYPOTHERjMIA 

The growth and development of the use of hypothermia in this clinic have 
been the subject of many communications. As we have matured in the manage¬ 
ment of this modality with increasing experience, we have stablized our tech¬ 
nique to include several specific procedures and precautions. When used within 
these limitations, it is our opinion that circulator}’' occlusion during hypo¬ 
thermia per se is a procedure essentially without risk; that is to say, considerablj’ 
less than 1 per cent. Since, in our hands, this is considerablj'- safer than other 
open-heart techniques for short procedures, we have continued to use the 
method despite the ready availability of cardiopulmonary bypass. 

These general precautions in the use of hypothermia may be summarized 
as follows. 

1. The range of the lowest rectal temperature achieved is 30° to 32° C. 
Circulatory arrest is performed at this temperature. This limitation in degree 
of hypothermia is extremel}^ important. 

2. Cooling is accomplished simply by immersion in ice water. There 
appears to be some rationale in cooling the peripheral tissue ahead of the heart 
and other vital organs. 

3. Throughout the entire procedure, a deliberate respiratory alkalosis 
is maintained by hyperventilation. 

4. Throughout the course of the cooling, operation, and warming, dextrose 
is administered intravenously. Evidence is increasing that intravenous nutri¬ 
ents have a beneficial effect on the myocardium in hypothermia.-"’ 

5. The first two units of blood used diu’ing operation are heparinized, 
having been freshly drawn in plastic bags. The presence of platelets, fibrinogen. 
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and otliei 01173 me clemtiits of tlie eJottins mocliamsm, logctliei nitli the 
absence of eitiatc, aie consideicd helpful in aioiding the bleeding diathesis 
of hipothcimia Tiaiisfusion is gneii ficclj because a lo\i blood 3 oluine is 
pooily tolerated in hjpotheimia 

6 A bilnteial steinum splitting incision is ahi.ns used in ordei to achieve 
adequate cxposiiie and nlloii propel positioning 

7 Gloat caie is tikoii to position the patient so that the caidiotoiiiy is 
111 the uppeiiiiost poitioii of the licait, thus mateiiallj' reducing the nsk of 
an embolism occiunng m the coioiiaij aitcncs 

8 Aftei the establishment of inflow occlusion to the lieait the coronalj 
uiculation is peifused nith 1 to 2 e c of I 4 000 neostigmine in oidei to slon 
the heait The deeieased nietabolie needs of the slowlj beating heait ap 
paieiitlj aie impoitant 111 leducing the iisk of lentiiciilar fibiillatioii 

9 The loot of the aoita is alnajs clamped to prevent coionaiy blood 
flow dining occlusion This helps avcit coroiiaiy an embolism, maintains 
biadjcaidia, and diminishes the coionaiy letuiii to the heait, thus ensuring a 
diy opciativo field 

10 The period of eiieulatoiy aiicst must not exceed 6 minutes If nioie 
time is needed to eompleto the procodnie, the opeiation should be inteiruptod 
and the cii dilation lestorod A second pciiod of occlusion can then be insti 
tilted aftei an appiopnato intoival to complete the piocodure The pnnoiplc 
of multiple slioit occlusions allows at least 10 minutes of safe intiaoaidnc 
time 

11 ■\Vaiming is achieved bj diathcimj, which is a foim of intcinal vvaim 
mg Theio appeals to be some latioiialc foi icwaiming vital mtcinal oigans 
befoie peiipheial tissues 

OPERATIVE TECHNIQUES 

Hie chest is piepared foi a bilateial, transsteinal thoiaeotoinj which is 
made in the foiiith intercostal spaces, and which is earned across the sternum 
in a “V” fashion to peimit a stiong moitice closuie A rib spreader is intio 
duced at the level of the steinum and giaduallj opened as the suspcnsoiy 
ligaments ol the peiicaiidum aie divided Meticulous hemostasis is ohseiied 

Visual and palpatoi-j examination of the mediastinum and heait aic ton 
diictid attei the peiieaidium has been opened to confiim the picopei.itive 
diagnosis and to seaich foi othei attendant anomalits such ns anomalous 
diainage of the veins of the light lung into the light atrium oi siipeiioi vena 
tavn, pulmonic stenosis, patent ductus .iitciiosus, and peisistciit, left siipouor 
vena cava Iiithelittei event the hemiarjgos vein may loin the left supeiioi 
Vina cava just before tht junction of the lattei with the coronarj sinus (Fig 
2, (1) It steps .aic not taken to occlude both of these vessels dining caidiotomv, 
an annojing amount of venous blood will continue to flow fiom the ostium of 
the eoionaij sinus and compiomise the technical cxposuio 

Umbilical tapes aie jiassed about the supeiioi and infeiaoi vena cav a inti a 
pcncaidiallj To enuicle the supciioi vena cava, the pericardial lefloxioii 
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wliieh binds it to the underlying right pulmonary artery must be divided care¬ 
fully. The tape about the inferior vena cava should be placed as eaudad as 
possible so that it will not interfere with the repair of the defect if it is associ¬ 
ated Avith a prominent valve of the inferior vena cava. 




Fig. 2 .—Some anatomic variations encountered in secundum defects. 

a, Multiple openings involving both the foramen ovale and the septum secundum. 

h. Septum secundum defect with anomalous right superior pulmonary vein. 

c. Septum secundum defect with anomalous right inferior pulmonary vein. 

d. Patent ductus arteriosus or left superior vena cava witli hemiazygos vein may be 
present and should be carefully looked for before circulatory occlusion is attempted. 

The wall of the right auricle is iiiArnginated to i5ermit 2 >alpation of the 
interatrial septum. In many patients Ave placed a pnrse-string suture on the 
right auricle tip and made a digital examination of the interior of the auricle. 
"We found that our efficiency by this maneuAmr in describing precisely the 
pathology AAdiich Avas later seen through the open cardiotomy Avas only about 
SO per cent. We missed some of tlie defects Avlien tliey Avere multiple, some of 
the anomalous A^eins, and the relation of the inferior A^ena cava to the defect. 
Perhaps had Ave persisted ^ve might liaAm improAmd our sense of “feel,” but 
since ^ve found the procedure inaccurate and unnecessary Ave abandoned it. 

Quadrant staj’- sutures of silk are noAV ijlaeed in the atrial Avail overlying 
the defect to permit an atriotomy Avhich A\dll run diagonally from the inferior 
Amna caAm tOAvard a point about midAvay betAveen the superior A^ena cava and 
the right auricular tip. A noncrushing clamp is placed OA^er the stay sutures 
and an atriotomy performed, about 5 cm. long. By tilting the patient to the 
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left, and with the head of the table well elevated, the plane of the interatrial 
septum is brought into a horizontal position, and the atrial septal defect is 
placed in a superior position relative to the left ventricle and auricle. This 
maneuver we consider very important in the prevention of coronary air 
embolism. 

Tiie ligatures about the venae cavae arc tightened and about 30 seconds 
allowed for cardiac emptying to occur. The aorta is occluded distal to the 
coronary o.stia and 1.0 to 2.0 c.c. of 1:4,000 neostigmine (depending upon the 
size of the heart) i.s injected into the aortic root. Coronary j)orfusion of this 
parasympathomimetic drug is achieved by the cardiac contractions. The aortic 



a. The relationship between the atrial septal rtefecl fASDJ anil the coronary sinus fCSJ 
Is shonn. 


h, A mattress suture has been placed at the lower end of the defect. This Is tied bcfoic 
a similar suture is placed at the upper end. The closure will approximate A to A', B to B*. etc, 
c, Tlie upper suture Jias been used as a continuous stitch and then tied to one end of 
the first (lower) mattress suture 

fl, Tlie auricular wall is clo.sed with continuous mattreos sutuies to enhance control of 
bleedins" from the auricular A'all arteries. 

clamp is removed and a right angle or oblique nonenishing clamp is introduced 
through the transverse pericardial sinn.s to occlude aortic and pulmonary 
artorj’ flow. This clamj) is placed against the very ha.so of the aorta .snugly 
to occlude the eoronniy ostia and discourage coronary air embolization. 

The atrial clamp is removed and the heart om])tiod hy aspiration. Tree of 
blood, the atria collapse, and the lips of the septal defect coapt. If th^J^qles 
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are niultiple, they are converted to a single opening by excision of the thin 
paititions (Fig. 2, «). The locations of the tricuspid i^alve, coronary sinus, 
inferior vena cava, superior vena cava, and orifices of the pulmonary veins 
are ascertained. A finger is placed into the mitral valve, transseptally, to as¬ 
sure its adequacy. A figure-of-eight suture of 2-0 silk is placed in the most 
caudad aspect of the defect and held by an assistant. The ligature about the 
inferior vena cava is loosened momentarily so that a free flow of blood from 
its orifice will establish its relationship .to this first suture. A similar stitch 
is placed in the eaphalad angle of the defect and run as a continuous suture 
caudad to be tied to the original suture. Prior to this final maneuver, the last 
few millimeters of the defect are permitted to gape while the right atrium is 
flooded with blood from the superior vena cava. In this way, residual air in the 
left atrium is allowed to escape as this chamber is filled with blood. The final 
tie is completed. The superior vena cava is released thus filling the right 
auricle. The atriotomy clamp is applied, and the clamp across the great vessels 
removed. The right coronary arteries are scrutinized for evidence of air 
emboli. (If emboli are noted, the aorta is clamped distal to the coronary ostia 
and manual, intermittent cardiac compression introduced immediately to pro¬ 
pel the air distally.) Without such a complication, however, the vigor of the 
myocardial contraction slowly improves. The inferior vena cava tape is re¬ 
moved and cardiac action resumes its preocclusion characteristics. Interest¬ 
ingly, a transitory, systemic hypertension often occurs at this time.'*- Re¬ 
warming is begun. 

The atriotomy is closed with a continuous mattress suture in order to 
occlude the atrial branches of the right coronary arteiy which, on two occasions 
before this suture was adopted, caused trouble by postoperative bleeding. Bi¬ 
lateral, posterior chest tiibes ai'e placed. The wound is closed in layers with 
steel wire sutures to the sternum and interrupted silk stitches to the muscular 
and fascial layers. 

The total time of eireulatoiy occlusion is now limited to 6 minutes; a 
period deemed safe on the basis of both laboratory and clinical experience. It 
has been impossible to close all of the defects in 6 minutes. In such circum¬ 
stances, an additional period of occlusion has been used with intervening 
l)oriods of normal flow lasting 10 to 20 minutes. Pour patients have under 
gone multiple occlusion, all ivith good results. 

One of the pitfalls in the repair of what appears to be a simple lesion is 
the failure to recognize the fact that the Eustachian valve of the inferior vena 
cava forms the lower margin of the defect. Closure of these enticing margins 
will transplant the vena cava to the left auricle, a fatal technical error. To 
reassure ourselves that the inferior vena cava is entering the right side^ of the 
inferior end of the suture line, we release for a moment tlie tape on thi.s cava 
to observe directly the exact point of entry of this structure into the auricle. 
The maneuvers taken to correct this anomaly are illustrated in Fig. 4. Essen¬ 
tially, total excision of the valve itself is the primary maneuver. The lower 
stitch in the closure of the defect must now be placed high enough above the 
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nuiutli oX the eavao to allow free entry into the right auricle. Significant par¬ 
tial ohstruction of the interior eava is probahlj' not tolerated hy man any moi'e 
readily than it is hy the experimental animal.^^ 

If anonialons drainage of a right pulmonary vein is associated ^^’ith i)er- 
.sistcncc of inferior vena cava valv<% the repair will involve enlargement of the 
auricnlar defect in accordance with general principles to ho closcrihod below. 
A final measure to avoid any pos.sibilit 3 ' of vena cava pressure is to clean the 
opicardium from the auricular mu-scle at the point of entry of the vessel. In 
one instance, we felt it desirable to perform what was cssentiallj^ a “pjdoro- 
plast}'” at this iroint to enlarge the mouth of the cava toward the right. 


INCISION TO 
RCMOVC VNLVC 








Fig”. 4.—A false Impression that the inferior border of the defect 19 tlie valve of the 
inferior vena cava (VIVC) can be easily lield. Simple suture of tills appaient defect is fatal 
since the inferior vena cava will enter the left auricle. Tlie steps In tlie repair are Illustrated.' 

a. The valve of the Inferior vena cava (VIVG) is excised along tlie clotted lines. 

"b. The true edges of the septal defect can now be seen. 

c. The two mattress sutures liave been carefully placed and the upper one la heint? run 
as a continuous stitch. 

d. The completed closure leaves the inferior cava entering- the right auricle. 

As ineiitioncd, 14 patients had anomalous pulmonary venous drainage from 
the right lung and one patient had anomalous return from the left via the 
coronaiy sinns. In every instance .save one it was possible to devise an oper¬ 
ative procedure vluch would redivert all the pulmonaiy blood into the left 
auricle and at the .same time close the coiumunication between the two auricles. 
In the remaining patient one small anomalous vein high on tlie vena cava re¬ 
mains untreated. This maneuver usually involves enlarging the atrial septal 
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defect so that an opening is created throngh wdiieii the anomalous veins may 
dram freely to tlie left side without any obsti-uetion. The effect of pulmonary 
venous obstraetion has been previously described.'* Such obstruction is highly 
undesirable, since the pleural adhesions which will form and through which 
will flow the pulmonary venous blood constitute a right-to-left (lung to 
thoracic wall venous system) shunt that will defeat the purpose of the 
operation. Every precaution must be taken, therefore, to avoid pulmonary 
^mnons congestion in these maneuvers. It is for this same reason that simple 
ligation of a single anomalous pulmonary vein entering high on the vena cava 
will result in no beneficial effect Avhatsoever. In this rare circumstance, if the 
vein cannot be safely transplanted, simple ligation of the pulmonary artery to 
the pulmonary segment is tlie procedure of choice, while the vein is not 


ASD 




d 



Fie. 5 —The surgical steps in tlie repair of a patient -with defect of the septum secundum 
associated with total anomalous pulmonary venous drainage from the right lung are lUustratea, 
a The most superior anomalous pulmonary vein enters the superior vena cava; two 
other fight pulmonary veins enter the right auricle. 

6 The first steps in the repair are shown. An interrupted suture line will be placed in 
the superior vena ca\'a as indicated by the broken line, tlms bringing pulmonary vein blood 
into the right auricle through a separate lumen winch will be made to enter left auricle u hen 
the”septal defect is closed. ^This defect must first he enlarged, however, hy incisions along the 

dotted placing the vena caval sutures from outside, the septum is opened and the 

proposed closure is indicated by the letters A — A\ B —B'. etc, 

d The completed suture line is shown. The lateral bites, of each stitch ''gg! 

up on the fateral wall of the right atrium, thus protecting against pulmonarj \ enous conges 

tion bj operation is shown following auricular of*'tiie'”d?agram 

right auricular wall used to enlarge left auricle is seen m the lower portion of the diagiam. 
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molested. TIiu.s, bronchial arteiy blood will nouri.sli the lung ojid drain to the 
cava. If the operator de.sires to indulge in segmental resection, it will be 
eurativc but the risk will bo greater. 

■When the highest pulmonai-y vein or veins enter the superior vena cava 
just above the right auricle and below the azygos vein, as is commonly the 
ease, the mancuvoi's illustrated in Fig. 5 have proved satisfactory. The first 
critical consideration is the separation of the systemic from pulmonary venous 
flow within the vena eava by converting that structure into a double-barreled 
vessel. The pulmonary limb is made definitely adequate even at the expense 
of what the operator ivould desire for the caval hlood. The azygos vein is care¬ 
fully preserved in this procedure to provide a safety valve, and we have seen 



Fig. 6.—The steps taken to solve the problem of total left anomalous pulmonary venous 
drainage \la the coronarj' sinus are Illustrated. 

a, The peitinent anatomy of the defects Is dlagrammatlcallv prc'icntcd. Note the per¬ 
sistent left superior vena cava /LSVCJ, hemiazygos vein anti the dralnaire of the left 

pulmonary veins (LPVV) into the coronarj' sinus. 

h. The left superior vena cava has been ligated below the hemiazygos vein The tl«?sue 
separating the defect and the coronary 8inu.s. together with the wall of the coronarv sinus 
a.s jt traverses the left auricle, will be excised coronarj sinus 

c, TJie coronary sinus will now* be transplanted to the left of the closure when A is 
nppioximated to A*, D to B*, etc. 

(1. The closure has been completed. The entire pulmonary venous drainage 
the left auricle as does the blood from the coronarj’ siniw. 
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no difficulty result fi-om tliis procedure in tliese patients. This entire maneu¬ 
ver can be readily done from without, i.c., a closed maneuver, before the 
auricle is opened, bj^ a row of mattress sutures placed along the side of a 
Potts clamp or even without such a clamp being used. The sutures are passed 
from in front of vena cava to the back and then 7-edirectcd anteriorly, where 
they are tied. 

The second consideration is the enlargement of the atrial septal defect 
so that the veins and the new limb of the superior vena cava may be transposed. 

The final consideration is the deliberate use of a centimeter or more of 
right atrial wall to add to the left atrium. By coming anteriorly in this 
fashion and using some of the abundant right atrium, any tendency to squeeze 
the pulmonary veins by the septal closure is avoided. In effect, this maneuver 
moves the posterior attachment of the atrial septum to the right and anterior, 
thus enlarging the left atrium which is, of course, hejnodynamically desirable. 

One final, albeit rare, anatomical vaidant is illustrated in Pig. 6. The 
left pulmonary veins entered a left superior vena cava which drained into 
right auricle via the large eoronaiy sinus. By enlarging the septal defect and 
excising the upper lip of the eoronaiy sinus (Fig. 6), a single defect was 
created which could be readilj^ closed by continuous suture. The flow through 
the coronary sinus now entered the left auricle. Following ligation of the 
left superior vena cava below the hemiazygos vein, this flow consisted of the 
entire venous drainage from the left lung and the eoronaiy venous blood 
usually found in the coronary sinus. This small right-to-left shunt, however, 
is undetectable clinically, and the patient’s course has been excellent. This 
patient’s problem has been the subject of a separate report.'*^ 

REOPERATIONS 

Four patients in this series were operated upon as second attemjhs to 
repair their defect. Three of these were patients on Avhom our original closed 
“button” techniques had been performed, but who were shown to harbor 
residual shunts. One of these (R.B.) was operated upon on June 4, 1952. The 
defect was partially closed, as we found at second operation, but hemodjmami- 
cally, the shunt was still inunense. The second was a young girl (D.D.) wlio 
had previously had a polyethylene button of considerable size fixed in position 
across the upper portion of her defect. She was much improved, but because 
of a large measured residual shunt, reoperation was performed. The button 
was found to be in excellent position occluding about 80 per cent of the defect. 

A crescent-shaped hole at the lower pole, however, remained. The button was 
left in place and the residual defect was closed by a series of sutures from 
rim to button. The third patient (W.C-r.) was similar to the second, and 
secondary repair was also successful. 

The final patient (J.U.) was one in whom open operation had been per¬ 
formed. At the first procedure, he had a low lying defect, but one not tech¬ 
nically difficult to close. Interrupted sutures were used. Eecatheterization 
revealed him to be improved but not cured. A moderate shunt remained. 
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Aecoidingly, lie nas> leopeiated upon, and a sht like opening not over a centi 
motel long ivas seen bohveon ti\o of the pieviouslj jilaced sutuies Tins ivas 
easilj closed and he has done well As a lesult of this e\penence, ii e shifted 
to using a contiiiuous sntuie to close the defect 

Om conclusions fiom this evpeiicnce, theicfoie, maj be siimmaiized as 
follows (1) Second bilateial tlioiacotomics during hypotlieimia aic evtiemoly 
diffienlt, and ne think, liazaidons The main adhesions ivhieh tend to bleed 
piofuselj add technical difficulties and rcqiinc e\tensnc transfusion The 
time to cuio a patient of atiial septal defect is at the fii-st opeiatioii (2) Onh 
one goal foi the opeiatioii is acceptable, namelj one luindicd pei cent closuie 
of the defeet Eighty oi ninety pci cent closino is inadequate, since significant 
shunts mil icniain (3) The dcsiiability of open techniques nherc all defects 
can bo seen and all anomalous -veins tiansposcd seems to us so obvious as no 
loiigei to need leiteiation 

POSTOPEUVTIVE M Vly VCrVIUNT 

Little IS reqimcd in the postopeiative caio of these patients that is not ob 
served follomng anv thoiacotorav Blood loss fiom the chest tubes is replaced 
in equal volume Naicotios aic not adininisteicd until the patient is fiillv awake 
and his vital signs stable Tlieicaftcr, naicotics oi sedatives are given regularly 
eveij 3 to 4 houis, duiing the fiist day or 2 to diiiimisli “splinting” of the chest 
duo to pain Venous piessuie is assessed scvci.il times duiiiig the enilj post 
opeiativo peiiod bj direct measurement and also bv obsoivation of livei size 
and the height of jugular filling Chest tubes aic usuallj lemoved 24 houis 
aftci opeiatioii and ambulation begun Mjocaidial failure is ticated if and 
when It occurs Prophylactic digitalization is not emploj ed 

Adults with evidence of a laige pnlinoiniv vasenlai hed aio placed on 
anticoagulant tlioiapv as soon as the chest tubes arc lemoved Hepaiin followed 
hv Coumadin is employed The therapj, designed to prevent intiavaseulai pul 
moinij Ihiomhosis, is maintained for 2 to 4 weeks, oi longei if indicated 

Bleeding tendencies, when thej oecui, arc iisuallv due to elevated titeis of 
fibiinolv sin, and sie iisinllj self limited Specific thei.ipv consists of admims 
toiiiig filiiinogen alone oi in compaiiv witli fiesh, whole, waim, eitiated blood 
Poi inaMinal henefit, fibiinogen should be given lather lapidly in oidci to 
sstuiate the hbiiiiolvsin enzjme svstem Caleium cliloiido, Piemaiin, Adieiio 
sem, and piotamme sullate have been used it vaiioiis times empiiicallv 

Oecasioiiallj, diathcrmj burns occiu, despite attempts to avoid them hj 
placing felt pads between the diatlicimj coils and the patient, foam iiibbci 
pads undo! the hips, and hv keeping the diathoimj leads fiom touching towel 
clips, electrooaidiogiam leads, and theimocouple vviies The diatheimj is used 
Intel mitt ently Two mmutes on, altcimting with one minute off, is the safest 
effcetiv e technique w e li iv e found 

COMULICVTIONS AM) VlORTVLITi 

Oortaiii of the opeiative and postopeiative eomplieitions oncounttied in 
this group weio of a type common to any majoi thoracic v p ;uc 
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Others, however, were peculiar to the open-heart closure of congenital cardiac 
defects during hypothermia and, as such, stimulated our interest particularly. 
In this latter category may be included: ventricular fibrillation, coronary air 
embolization, bleeding dyscrasias, pulmonary vascular thrombosis, myocardial 
failure, peripheral neuropathy, and diathermy burns. 

Ventricular fibrillation developed during the operative procedure 16 times 
■in 12 patients. Of these, 11 patients were successfully defibrillated and are 
still living. The first patient to experience fibrillation was a young girl, early 
in our series, who was cooled to 23.2° C. Her ventricles fibrillated as she was 
transferred from the cooling tub to the operating table (mechanical trauma). 
Defibrillation was achieved with potassium chloride and the septal repair com¬ 
pleted uneventfulljn The remaining 11 hearts were defibrillated with electric 
shock, observing principles outlined previously.Nine episodes of fibrillation 
occurred relatively spontaneously; one at the conclusion of cooling; one upon 
atriotomy; one upon closure of the septal defect; one during auricular closure; 
three upon resumption of circulation; and one each at 3 minutes and 4 minutes 
after resumption of circulation. No evidence of coronary air embolization was 
observed in any of these. Seven episodes developed in con.i'unction with some 
specific event. One during pre-occlusion manipulation, one during atrial closure 
in which the atrial clamp was seen to encroach upon the right coronary artery, 
one following the removal of padding from beneath the patient allowing the 
patient to fall to the table with a jar, and four were associated with air em¬ 
bolization of the right coronary artery. Almost all of the spontaneous fibrilla¬ 
tions occurred when the body temperature was below 29° C. Since we have 
been using the range of 30 to 32° C., fibrillation has occurred only when coro¬ 
nary circulation has been obstructed by air embolization. 

It has been our policy to place cylindrical pads in a “T” arrangement 
under each patient—the vertical pad under the right side of the horizontal pad 
which is in the mid-thoracic area. These serve to accentuate extension and to 
elevate the right shoulder and chest, thus aiding the exposure of the right 
auricle. During removal of these pads to facilitate thoracic closure, one of our 
patients dropped the intervening 2 or 3 inches to the operating table. This jolt 
served as sufficient stimulus to incite fibrillation. Electrical defilji'illation was 
eventually achieved; but the resuscitation w-as arduous and the patient died 
suddenly 14 hours postoperatively, possibly from a terminal episode of ven¬ 
tricular fibrillation. Since this experience Ave have exercised utmost caution to 
protect the Avhole patient from any mechanical shock. 

Air embolization of the right coronary artery was observ^ed immediatel.A’ 
after re-establishment of the circulation in 10 patients. In 4, this was followed 
by ventricular fibrillation, and in 6 no arrhythmia occurred. The uncompli¬ 
cated outcome of these last 6 is due, Ave believe, to immediate vigorous steps 
taken to drive the air distally in the coi*onary circuit, i.e., ero.ss-clamping of the 
ascending aorta distal to the coronary ostia, accompanied by firm, intermittent 
manual compression of the cardiac ventricles. The prevention of this complica¬ 
tion depends on extremely careful attention to allowing all the air in the left 
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heart to escapo bofoie tlio final stiich in the septal defect is tishtcnod In com¬ 
plicated lesions, when time is iniiniiig shoit, this niancinei mai bo pcifoimod 
too huiiiedh to be cffeetui 

Bleeding of inaihed degiou oceuiicd postopi iatncU m (i patients m whom 
its cause was not icaetilj esplaineti, ic, iimclated to bleeding iiom a spceifie 
vessel, 01 to anticoagulant thorape Of these, 2 died ot the hciiioiihago The 
opeiatiio tempeiatiucs langod fioiii 26 5° to 30 0° 0 m this small group The 
lole plated bj tempeiaUiie itself in the “bleeding diathesis” is unceitani, hut 
since we have limited the tcmpeiatmcs to the langc 30 0° to 33 0° C , bleeding 
li.is been no paiticiilai piobleni and has been associated with no fatalities Om 
gcneial appioaeh to the tieatmont of this piohlem was outlined carliei 

As mentioned pietiouslj, we eonsidei the possibility of piilmonait vascular 
thiomhoses a constant hazaid in all adult patients woth large leit to light shunts 
Om reasoning is that such indnidiials haie a pulmoiiaij \ascular sjsteni of 
greatU evpanded i olumc This capacity lemaiiis moie oi less constant follow 
mg olosuic of the defect, and, since the volume of pulmonaiv blood flow is much 
1 educed, Its \eloeitj is eoircspoiidmglv i educed This lelatne stasis is con- 
dueno to thiomhoses in these vessels as elsewhere Cmientlv, all such patients 
aie placed on anticoagulant theiapy as soon as tlie chest tubes ate leinoved 
Piior to the inauguration of this plan, si\ instances occnircd in which pulmonaij 
tluomhosis was stiongh suspected, 3 of these patients died The ladiogiaphie 
picture aceompammg those changes is otic of diffuse or scattoied, piogtessne 
“Inoiiehopncnmonia” or “pulmonarj infarction," and matches the pathologic 
changes pieviously domonstiated in the cspciimcntal animal “ 

Fatal thiomhoses in other vessels developed m 2 additional patients iieithoi 
of whom was undei anticoagulation therapy A 6 year old gul died IS horns 
postopeiatiielj ot bilateral intoinal jugular vein tliroaiboses It was thought 
that tight adhesno tape ciieiicling the neck to hold m the eiidotiaehoal tub 
mat have been an etiological factoi in this patient A 21 1 e.ii old female d 
Veloped an occlusion of the left carotid arteii on the thud postopeiafne d 
and died on the sixth A 13 jeai old gul experienced an enihohis to hei a< n 
hifuication on the fifth postoperative dai which was siieccssfulh lem d 
These episodes raise the question of whcthei or not an excessii c state of 1 poi - 
coagulabihtj occurs postoperativelv in these paticiifs That this mn\ I so is 
stiongly suggested by the studies of voii Kaidla and Swan 

IMjoeardial failuie was noted in 9 patients postopeiatueh all i whom 
responded well to digitalis therapj Ail of these patients wcic o\ei 10 ic.ns 
of age, and 5 of them w ere oi er 25 j ears 

Two othei complications aie related to our method of inducing and n- 
lieviiig hjpotheimia Four patients experienced a transient neuiopithi ei s’” 
hands oi aims This was found hi Stephens and Applehi to he a <’ 
injuiy of the nerves due to cold imiaersion Careful attention to pn-xx'"- 
prolonged immersion of the extremities in the ice watei has pievent.x-’ 
quent similai difficulties Diathemir buriLs oecurred in 8 patients. 
in adults, w ere sacral Pi eventioa b anemwed hi placum felt p id<h - 
the patient and the diathermy cod and foam rubber under the " “ 
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other patients were burned on the extremities where electrocardiogram elec¬ 
trodes or intravenous needles came in contact with the diathermy cables. Pro¬ 
phylaxis in this regard is obvious, and has been largely successful. 

In this series, 93 patients survived their surgery. All 7 deaths occurred 
in the first 43 operations; the last 57 have been performed without iiiortalit.y. 
Analysis of the causes of the deaths in the first part of the series led to the 
adoption of precautions which may be pla.ying a role in the apparent improve¬ 
ment in operative risk. Tliese deatlis were primarily caused by the following 
factors: 

Ventricular fibrillation 1 

Blood clotting disturbance 

a. Bleeding 2 

b. Postoperative thrombosis 4 

Many of the precautions currently practiced to avoid these lethal complica¬ 
tions have been alreadj’’ mentioned, but for the sake of emphasis we repeat them 
here. Ventricular fibrillation is minimized by; 

a. Temperature not below 30° C. 

b. Continuous respiratoiy alkalosis. 

e. Constant intravenous glucose infusion. 

d. Neostigmine by coronary perfusion at the start of eireulatory arrest. 

e. Careful avoidance of trapping air in left heart. 

f. Avoid clamping right coronary artery in noncrushing auricular 
clamp. 

g. Avoid jarring the cold patient. 

h. Selection of patients who do not have nonreversible pulmonary hy¬ 
pertension (resistance over 700 d 3 ’-nes). 

Disturbances in clotting mechanism are minimized b.v; 

a. Temperature not under 30° C. 

b. Preoperative treatment of a depressed prothrombin time with vita¬ 
min K^. 

c. The use of fresh blood in siliconized bottles for the first two units 
used at svLvgery. 

d. Avoidance of constrictions of the neck during anesthesia. 

e. Careful endocardium-to-endocardiiim closure of tlie auricle. 

f. Postoperative antieoagulation of all adult patients with veiy large 
pulmonaiy vascular beds. 

RESULTS OF SURGERY 

Of the 100 patients in tlie series, 92 are alive. Seven died as a result of 
surgery, and one patient, aged 39, died 8 weeks after surgery from a cerebellar 
hemorrhage. It does not appear that this latter event can be related to tlie 
surgery; the patient was luider the management of her personal phj'sician and 
was taking anticoagulants at the time. 

Of the 92 patients, we have recent information on 91. One lady we have 
been unable to trace, but learn that some months ago she removed to California. 
Forty-nine have been seen recently at this center; all the others live at con¬ 
siderable distances from Denver, and we have relied on the combined reports 
from the patients, their parents, and their doctors (frequently accompanied by 
roentgenograms and cardiograms) for an accurate assessment of their condition. 
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The follou up IS 5 •lenis ju 3 eases, 4 jcais in 7, 3 jours in 17, 1 jeais in 
21, one joai in 31, and 6 months in 13 cases, lespectnelj Wo ha\e flicicfore 
been able to obseno the elianges in s^mptolns, signs, olectioeaidiogiam, and 
\ ia\ studies ■Hhich eoiiio about as a lesiilt of elosuie of the defect 

S\MinOMS 

Ill oidei to gain an o\ci all pictuic of uliat change takes place, uo must 
not foiget that the disease expicsses ifsell not onij in tcims of the inajoi si mj) 
toms such as dispiua, fatigue, and cftoit lutolciantc, but obtiudes into even 
small baekgiound pattciii that goes to compose a patient’s life We have hoaid 
patients espiess then impiovement in the tact ot uaking tip leticshcd instead 
of tiled fiom a night s sleep, of being able to 011701 a late sboiv 01 a late meal, 
of being able to go into the mountains without fainting, and so on Howevei, 
loi the 7)111 poses of eompaiison, we shall confine ouisclves to the majoi and oveit 
svmptoms which ate moie diieeth an cspiessioii of eardioiaseiilai disfunction 

Poi the puiposes of anahsis, vit have again scjiaiated the svmptoms into 
thiec glades mild (Giade I), niodeiatc (Giado II), seieie (Giado III), stipu 
latmg bioadli the ciitciin bi which wc init am giicn patient iiUo a paiticulai 
gioup 

Dyspnea and VaUque — 

Of the 10 patients who suffeicd scvcie (Giado III) disability 711101 to 
suigeij, C aie non asvmptomatie, while 3 vicie suigical moitalities Of the 
13 cases niodeiatcly ineapacitated (Giade II) before suigciy, 15 aie now 
without sjmptoins while 2 me dead Of the lemaining 6 , 3 me imiiioied 
Of the niildlj (Giade I) incnpaoitated gioup of 29 iiatients, 27 me sjmtitom 
flee, one has as niuoli disability as befoic, while one died at ofieiation 

Thiitv eight patients iieio iiee fiom siniptoms bcfoio suigen Thiitv 
seieii aio non well, while one died following opciation Thus, of the 100 pa 
ticiits who went to suigeiv, 85 aie now leading noimal lives without significant 
sv mptoiiis 


Taulf it Frrbcr or SuicriY os the Symptovivvoeoov Vssocivteu With Itiivt Slitvl 

Deffct 
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The late at which niipiovimeiil takes place altci suigciv vanes fiom 11 a 
tunt to ]vatiuit Natuiailv in i suns as huge as this ni inv diftui iit tv iws of 
leaction to the new tound health hive Ineii seen A few 7 intients have sub 
stitutcd ‘liinctional” snii]itoms loi then lutvious orgaiiicallv engendeicd ones 
Some nipnove lapidh aftci suigeij, for esamtilt, one jocko, agi 32, was 
lacing again 3 weeks aftei suigeij, anothci patient was seen bj hei piond 
medical attendants to climb to the fop low of a football stadium without am 
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difficulty within 2 weeks of surgery. Most patients are leading normal lives 
within 2 or 3 months of operation, although in some cases slow improvement 
continues for upward of 12 months. There is usually a gain in appetite, weight, 
and zest for life; and many patients who had no real complaints before surgery 
state that they have gained in strength and energy, and only in retrospect do 
tliej^ realize that they were limited before. 

The “Postcardiac Surgery” Syndrome .— 

Previously described as the “post-commissurotomy syndrome” or “post- 
valvotomy syndrome,” this illness has appeared since operation in at least 15 
patients in this series. In a further 6, it may have occurred in a mild form. 
It differs in no way from the “post-commissurotomy syndrome” which follows 
surgery of the mitral valve, and is characterized by fever, malaise, pleurisy, and 
pericarditis. It responds rapidly to the administration of steroids, and un¬ 
treated lasts from 7 to 10 days before subsiding spontaneously. In one patient, 
it has recurred 5 times, although most of the patients have had only one attack. 
In 2 cases, the illness appeared 8 days after surgery; in one not until a year 
later. When adequately treated it is not a significant cause of disability. 

Changes in Physical Signs .— 

As soon as the immediate postoperative period is past, it becomes possible 
to assess what changes had occurred in the physical signs. First, with the re¬ 
duction in the stroke-volume of the right ventricle, the whole precordium be¬ 
came quieter and its activity less. In every patient, the systolic thrill disap¬ 
peared. Almost invariably, the systolic murmur in the “pulmonary area” was 
less loud; in a few cases it disappeared completely. The residual systolic mur¬ 
mur was probably due to the persistent relative narrowing of the pulmonarj- 
valve in relation to the marked dilatation of tlie pulmonary artery causing 
turbulence and eddies. Gradually, over the ensuing months, the sj^stolic mur¬ 
mur diminishes in intensit}^ The preoperatiAm diastolic murmiu’s Avhich are 
due to increased flow disappear. The rare diastolic murmur due to pulmonary 
insufficiency persisted in 2 cases and disappeared in 3. 

The characteristic Avide and fixed splitting of the second heart sound at 
the base has persisted unchanged in a fcAV cases, but more commonly the sounds 
appear to return to a normal pattern Avith respiratory variation in the degree 
of splitting. 

In summary, then, the changes Avhich folloAv surgery consist of a diminution 
of precordial activity, disappearance of the systolic thrill, abolition or lessening 
of murmurs and, in most cases, a return toAvard normal second cardiac sound. 
This is, of course, usually accompanied by a diminution in heart size, and a 
gain in general physical well-being. 

The electrocardiogram: We have had an opportunity to examine a recent 
electrocardiogram in almost all ease.s. Wlien the defect has been closed, the 
tracing changes toAAmrd normal, the most characteristic feature being the diminu¬ 
tion in the height of K' (the secondary R Avave) in the right precordial chest 
leads. In no ease has this failed to occur except Avlien the defect has not been 
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oWitorated (2 patients), or wlien irreversible pulmonary hypertension is present 
(one patient). If this change is not manifest -within about 4 months, it is meet 
to look for the reason. 

The subject of postoperative electrocardiographic changes -will be fully con¬ 
sidered elsewhere. 

Fluoroscopy: At the first postoperative fluoroscopic e.vamination, the previ¬ 
ously hj-per-dj-namic heart is seen to have become quiet, and the excursion of 
the cardiac border much less. The characteristic cardiac contour remains, how¬ 
ever, and the pulmonary artery is still prominent, though far less actively 
pulsatile than before. 

As time passes, tliere is usually a real diminution in cardiac size in tlie 
individuals whose lieart was significantly enlarged preoperatively (Fig. 7). The 
bronchovaseular markings in the lung fields also become less apparent as time 
passes. Again, therefore, there is a gradual continuing regression toward nor¬ 
mal, although, in the case of the adults in whom significant cardiac enlargement 
was present before surgery, it is doul)tful if the heart size and contour will ever 
return completely to normal. 




Fie: 7—Tiie regiession in the pulmonarj* \asculantj and in the size of the heart, which 
occurred in the years after surgery in this 23-5ear-oW Birl, la evident by comparing the 
preoperatI\e (A) and |)o«!toperati>e (U) Aims 

Cardiac catheterization; This was performed after surgery in 44 cases. 
In 3!) of the.se the results showed that the leff-to-right .shunt had been abolished. 
There were case.s in which there ivas cvidciiec of a residual shunt at the atrial 
level. In 2 of these eases this is of significance; a hoy of 12 who was ojieratod 
on in i;i.54 using iuterniptcd sutures, and a lady of 45, operated on in 1957, 
who had an extremely large heart and huge defect. In the other 3 eases, normal 
postoperative improvement has occurred, both objectively and subjectively. 
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The results of postoperative catheterization showed clearly that the pre¬ 
operative elevation of pulmonary artery pressure was in many cases due to the 
high flow, and that as soon as this was reduced the pressure fell. Of tlie pa¬ 
tients with a very high inilmonary Amscular resistance (800 djmes-sec.-em.''^ 
/j\r.“) only one survived. She has recently been reeatheterized, and the 
results sliow tliat there has been no regression in the severe pulmonary liyper- 
tension. Thus, on the basis of tlie objective evidence obtained by postoperative 
calheterization of almost half of these patients, the operation has been proved 
to be curative in the great majority. 

SUMMARY 

1. One hundred consecutive eases of atrial septal defect secundum seen at 
open-heart surgery have been analyzed and the data i)resented. 

2. There were 7 operative deaths among the first 43 patients, none among 
the last 57. 

3. The natural history of the disease, diagnostic criteria, and indications 
for surgery are discussed. It is urged that in the light of the safety of the 
operative procedure described, all patients with this diagnosis should be given 
the benefit of surgical repair unless the pulmonary resistance is greatly elevated. 

4. The operative techniques employed to meet the various anatomic varia¬ 
tions encountei’ed are described. It is felt that hypothermia at the present lime 
is the method of choice for the performance of these procedures. 

5. The current status of all but one of the surviving patients is known and 
the data are anatyzed. Eighty-one patients are symptom free and apparently 
cured by all means of assessment; 3 are improved but still have some symptoms; 

3 have small residual shunts which do not seem to be of hemodynamic signifi¬ 
cance; one patient has become centrally cyanosed owing to the passage of in¬ 
ferior vena caval blood into the left atrium; one i^atient has persistent pul- 
monaiy hypertension after closure of the defect; 2 patients have residual shunts 
of sufficient degree to warrant re-intervention. 

6. Atrial septal defect secundum is a congenital malformation which can 
be diagnosed clinically with great accuracy and which can be successfully treated 
surgically by open operation during hypothermia at a very low risk. Operation 
should be performed on essentially all patients with this disease during cliild- 
hood, as soon as convenient after the diagnosis is made. 
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THE ANATOMY OF ESOPHAGEAL HIATUS OF THE DIAPHRAGM 
AND THE PATHOGENESIS OF HIATUS HERNIATION 


Paul Marchand, M.D., ChM., P.R.C.S., Johamtesburg, South Africa 

D iaphragmatic Iieniias arc not nncomnion. Prom January, 1952, to Jauu- 
aiy, 1957, our unit dealt with 142 cases of which 119 (80 per cent) 
were hiatus hernias (Table 1). An investigation has been undertaken to deter¬ 
mine tile reasons for the suseeptibilty of the esophageal hiatus to herniation. 
The results of the anatomic studies arc described here; they largely confirm 
the findings of Allison,' and of Collis, Kelly, and Wiley.' 

Thirty adult diaphragms have been dissected. Fifteen specimens were re¬ 
moved from fresh cadavers after the ciiiral origins had been displayed and were 
then fixed to a wooden board and preserved in 10 per cent formalin. Fifteen 
were dissected in situ on embalmed bodies in the anatomy hall. 


Table I. List or Cases of Diapjiragmatic Herna Treated iji On'e Unit of the 
Depabtme.vt of Thoracic Surcerv, Joiiaknesburo and Baragwanath 
Hospitals Over a 5-Tear Period* * 


A. Traumatic Diaphrarfmatto Hernia 32 

*PoilDvfuig penetrtvUng vfowuils “i 

Following crush injuries 5 

Following operafire trauma 3 

B. Congenital Diaphragmatic Hernia 38 

Persistent pleuroperitoneal 

hiatus (Bochdalek) 3 

Congenital absence of posterolateral 

part of diaphragm ■- 3 

Total abscB' ^ 1 

Congenital '' '' ■ 2 

Parasternal *' 2 

Aorta-esophagoal hernia 3 

Infantile hiatus hernia . 0 

C. ' Acquired Hiatus Hernia 112 

Adult type (sliding and rolling) 310 

Acquired short esophagus (caustic 

stricture scleroderma)_2_ 


•Excluding acute penetrating thoraco-abdomlnal ATOunds 


THE CRURA 

In 1907, Low published his classical account of the anatomy of the dia¬ 
phragmatic crura. He considered that Rie esophageal hiatus was “formed by 
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a splitting of the fibres of the right crus.” This is an oversimplified description, 
as Collis, Kelly, and Wiley have shown. 

The crura arise from one or more tendons whose fibers blend strongly with 
the anterior longitudinal ligament over the upper lumbar vertebrae. The left 
crus is usually attached to two lumbar vertebrae and the right to three, but they 
may arise at the same level from a common tendinous origin. Accessory tendons 
may arise from the fascia over the psoas muscles and from the medial arcuate 
ligaments but, though they form part of the crura, the fibers from these slips 
eventually fan out laterall 3 ^ to insert into the central tendon away from the 
hiatal limbs. The crura pass upward in close contact with the vertebral bodies 
for most of their course and onty incline forward as they arch in front of the 
esophagus. 



PiP 1 .— Illustration of the mode of formation of the hiatus. Two flattened muscle bands 
appear within the right crus separated by a plane of areolar tissue. The dorsal band forms 
the left hiatal muscle and the ventral forms the right hiatal muscle. 

A, Muscle bundles intact. B, Segment of left (dorsal) limb of right crus removed to 
display the course of the right (abdominal) limb of the right crus. (Prom Marchand: Thorax 
12: 189-202. 1957.) 

As soon as muscle fibers appear within tlie riglit crus, thej^ group themselves 
into two ribbonlike bands separated from each other by loose connective tissue. 
One bundle is dorsally placed (thoracic aspect) and the other ventrally placed 
(abdominal aspect). The doi-sal band forms the left limb of the right crus and 
tlie ventral the right limb of the right crus (Pig. 1). The muscle hands soon 
diverge and cross each other in a scissorlike fashion, the ventral bundle passing 
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upward and to the right, and the dorsal bundle passing upward and to the left. 
The laterally placed fibers of each hiatal limb insert directly into the central 
tendon of the diaphragm but the medial fibers, which form the hiatal margins, 
incline toward the midline in front of the esophagus and decussate in a trellis- 
like fashion with fibers of the opposite limb (Pig. 2). Although there are many 
variations of this standard pattern, all embrace the basic principle of early 
grouping of flattened muscle bundles which diverge in a scissorlike fashion. 



Fia. 2 —-Diaarain of the anterior cOee of llio hiatus IlIustratinEr the mode of In.sertlon of 
pie muscle abers into the central tendon of the diaphrairm The medial abers uithln each 
hiatal limb interlace with each other across the midline before inserting into the central tendon 
of the diaphratrm The transterse membrane of the central tendon supports the anterior 
decussating muscle fibers from the abdominal side (From Marchand; Thorax, 12: 189-202, 
1951 ) 

T/ic Hiatal Orifice .—Tlie hiatal orifice is elliptical in shape and its long axis 
lies in the sagittal plane. Sweet“ and Harrington” iiave stated that the long axis 
lies transversely, hut I agree with Allison" and Lam and Kenney'” that this is 
not found in the normal body. 

The elliptical shape arise.s naturally from the mode of origin and insertion 
of the hiatal muscles and the direction of their fibers. Any tendency toward 
widening of the transverse diameter is opposed by the crossover of the crnral 
limbs and by the anterior decussating muscle fibei-s (Pig. 3). 

Normally, about a centimeter of muscle separates the anterior rim of the 
hiatus from the central tendon of the diaphragm (Pig. 4). Lam and Kenney 
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state that the anterior margin of the hiatus is fomed by the unyielding tendi¬ 
nous tissue of the middle leaflet of the central tendon, but this I have seen only 
when a hiatus hernia is present. On the abdominal aspect, a band of transverse 
tendinous fibers undeidies the anterior decussating muscles and this may verge 
on the hiatal orifice. This transverse ligament is a strong fibrous band which 
reinforces the posterior edge of the central tendon of the diaphragm. It is about 
a centimeter in width and is best developed on the undersurface of the dia¬ 
phragm where it forms a sharp falciform rim to the anterior edge of the hiatus. 
Here it supports the decussating anterior muscle fibers and resists any force 
exerted from the direction of the esophageal hiatus. 



Pig. 3.—^Diagrammatic illustration of the forces wliich tend to widen the esophageal 
hiatus and of the anatomic structures which oppose such disruption. 

The disrupting force (0) is the intraperitoneal pressure which constantly tends to force 
the cardia through the hiatus and so widen the opening. This force is resisted by the con¬ 
struction of the hiatal mechanism. 

P, Line of force exerted by the direction of puil of the hiatal muscles Xi-i - Fi-i. 

A, Action of the anterior decussating muscle fibers which tether the anterior extremities 
of the hiatal limbs. 

Bj Transverse membrane which supports the anterior muscle fibers and so buffers the 
force of the intraperitoneal pressure. 

G, Posterior intertendinous muscle (Fig. 7). These fibers tether the hiatal muscles 
behind the hiatus. 

V, Esophagophrenic ligament which acts as an elastic anchor to the terminal esophagus 
within the hiatal canal. 


THE RELATION OF THE ESOPHAGUS TO THE HIATUS 

Under normal conditions the stomach cannot be displaced into the mediasti¬ 
num. The restraining structures are the phrenoesophageal ligaments (described 
by Schatzki,^® Anders and Bahrmann,^ and Roux^U aiid an aggregation of poste¬ 
rior structures Avhich include the vagus nerve and radicles of the left gastric vein 
and artery.* 

The phrenoesophageal ligament is a definite stx'ucture. It is best developed 
where the terminal esophagus traverses the hiatus, extending for about a centi¬ 
meter above the gastroesophageal junction. Above diaphragm level it thins 
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rapidly and niei'ges with the perivisceral fascia of the esophagus.'" Below, the 
ligament reflects eii'cuniferentiallj’ to become contimions with the fascia trans- 
versalis on the undersurface of the diaphi’agm. If a finger is introduced into the 
lumen of the lower esophagus, the anterior reflection of the phrenoesophageal 
ligament is felt as a thick eordlike strnetnre. This ligament is readily definable 
in the young but is less obvious in elderly people and is attentuated and incon¬ 
spicuous when a hiatus hernia is present. 



Fig: 4 —Dissection of a dlaphra^nn of standard anatomic pattern ^ lev, eel from below 
The elliptical shape of the hiatus is shonn Note that the anterior margin of the hiatus is 
separated fiom the transverse ligament of the central tendon muscle. (See text ) 

A, Inferior \ena cava. B, Csophageaf hiatus C, Aorta D. Transverse membrane of 
central tendon of diaphragm. 

THE HIATAL ANATOMY IN THE PRESENCE OF HERNIATION 

Two diaphragms were dissected in people with hiatus hernias who died fro& 
unrelated causes Detailed notes have also been made of the anatomic findings at 
58 operations for repair of liiatus hernia. 

In the presence of a hernia, the esophageal hiatus usually abuts directly on 
the transverse membrane of the central tendon and the anterior hiatal mnseles 
are absent or reduced to a few atrophic strands (Figs. 5, 6, and 7). The hiatus 
itself is no longer a sagittal slit, but a i-oundcd opening whoso transverse diameter 
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Fig. 5.—^Dissection viewed from above of diaphragm which was the seat of a hiatus 
hernia. The hiatus abuts directly on the transverse membrane of the central tendon The 
peritoneum herniating through the anterior defect was buttonholed in 2 places during dissection. 

A, Inferior vena cava. B, Buttonholed peritoneal sac. C, Stomach herniated above the 
diaphragm. D, Transverse membrane of central tendon. 



yig. 6._Dissection of a diaphragm associated with herniation of the stomach through 

the esophageal hiatus (viewed from below). The right hiatal limb is reinforced by a slip or 
muscle from the left crus; a post intercrural muscle is present. Note the rounded opening oi 
the hiatus and the absence of muscle fibers lining the anterior rim of the opening. 

A Inferior vena cava. B. Anterior peritoneal sac. C, Stomach. D, Aortic opening. 
B Post intercrural muscle. F, Transverse membrane of central tendon of diaphragm. 
g' Muscle band arising from the left crus and passing to the right hiatal limb. 
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approaches the sagittal diameter in size. The essential anatomic difference be¬ 
tween the normal hiatus and that a.ssociatcd witli a liernia is the increase in the 
transverse diameter. Associated with the widened liiatns there is an increased 
separation of the posterior hiatal limbs so that, in place of the normallj- acute 
angle formed by the divergence of the right and left hiatal limbs, an obtuse angle 
may be present (Pigs, 6 and 7), The quality of the crural muscle is often 
surprisingly good even when a large hernia is present. 

Other anatomic changes such as the attenuation of the esophagophrenio liga¬ 
ment, elongation of the posterior gastric vessels, and the development of an 
anterior hernial sac have been frequently described and arc generally aecepted 
(Table II). 



Fig. 7.—^Diagram to sliow tlie differences bet and one which is 

the site of a hernia. The anterior rim of muscle Is ded and the hiatal 

limbs are divaricated posteriorly. The surface i when the hiatus 

widens and extrinsic support to the cardla is then 


Table IL Compabison Between the Normal and Abnormal Hiatal Anatomy 


■ 

1 NORMAL ANATOMY 

1 HIATUS HERNIA 

Sizo 

Admits 1-2 fingers 

Admits 3 4 fingers 

Shape 

Saggital ellipse 

Circular opening 

Anterior decu^isating fibers 

Present 

Absent or ntrophic 

Po<^terior muscle bands 

*^Semi-clO'scd scissor” posi¬ 
tion 

Open scissor’’ position 

Hiatal mu'icle limbs 

Generally well developed 

Often well developed 

Esophagophrenic ligament 

Easily definable 

Poorly definable 

Posterior mesoesophagus (left 
gastric artery and vein) 

Taut 

Lax 

Anterior peritoneal pouch 

Absent or admits finger tip 

Admits 2 Or 3 fingers easily 


DISCUf^SION 

A previous paper reported a scries of experiments designed to mea.sure the 
forces which the diaphragm has to withstand during life.'^ The pleuroperitoneal 
pressm-e gradient constantly tends to extrude the abdominal contents into the 
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chest and, during deep inspiration and postural change, the pressure niay be 
very considerable. The effect of these physiologic actions is enhanced by preg¬ 
nancy, obesity, and any other cause of “ packingof the abdominal contents. 
The intra-abdominal pressure affects the whole diaphragm, but only the esophag¬ 
eal hiatus is vulnerable because it faces directly into the peritoneal cavity. Also, 
the liver proffers it no protection and its anterior edge is unsupported on the 
thoracic side. The hiatus transmits the esophagus which does not occupy the 
opening tightly and which guides the mobile stomach directly into it. The integ¬ 
rity of the hiatus, therefore, depends essentially upon its intrinsic structure 
where a fine balance between mobility and stability is attained. Competence is 
primarily dependent upon the size and shape of the hiatus and these are main¬ 
tained at optimal dimensions bj'^ the tethering action of the anterior decussating 
muscle fibers and the crossover of the crura. So long as the hiatus remains small 
the hiatal limbs with their membranous reinforcements act as buffers against the 
positive peritoneal pressure and so protect the esophagophrenic ligament from 
continuous strain. Most of the intrinsic strength of the hiatus is placed in front 
of the esophagus. Here the anterior decussating fibers are supported by the 
transverse membrane of the central tendon and the phrenoesophageal ligament is 
well developed and cordlike. There is less provision for strength behind where 
the hiatus is less vulnerable. At the posterior hiatal boundary, the crura are still 
ascending steeply and are firmly supported by the vertebral column; also, this 
area is separated from the peritoneum by a cushion of fat and by the estraperi- 
toneal portion of the stomach. Only the anterior ends of the hiatal muscles are 
therefore exposed to the full force of the pressure exerted from below while dis¬ 
tention of the esophagus caused by gastroesophageal reflux tends to Aviden the 
hiatus transversely and throw additional strain upon the anterior decussating 
fibers. If these should disrupt, the hiatus will assume a circular contour, its 
surface area will greatly increase, and the support for the eardia and the perito¬ 
neal reflection Avill be lost. Once deprived of hiatal support the peritoneum will 
tend to bulge upward into the mediastinum in front of the esophagus and the 
phrenoesophageal ligament will now be exposed to the unbuffered force of the 
intraperitoneal pressure. Should this ligament stretch, as it inevitably must, the 
eardia will displace upward into the mediastinum. Occasionally the phreno¬ 
esophageal ligaments and the left gastric vessels retard the eardia while the 
gastric fundus rolls into the peritoneal sac. In this way a para-esophageal hernia 
forms, but this is simply a variant of the sliding hernia. In my experience, it is 
excessively rare for a “rolling” hernia to be unaccompanied by some degree of 
upward slide of the eardia. 

This concept of the pathogenesis implies that adult hiatus hernia is an 
acquired malady. This view is supported by the age of onset of the condition. 
Allison== has stated that symptoms characteristically develop in the fifties. We 
have records of 25 men and 40 women who could clearly recall when first they 
experienced troublesome dyspepsia and the average age of onset of symptoms m 
the men was 44 and in the women 42. Kigler and Eneboe,^® Evans and Bouslog,® 
Dutton and Bland" and many others feel that, in many cases, pregnancy is an 
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etiologic factor. Of oiir 54 women patients only 2 had never been pregnant and 
46 of the remainder (92 per cent) eonid recall severe sjnntoms of flatulent dys¬ 
pepsia during their pregnancies. It is believed that flatulent dyspepsia is 
invariably due to gastroesophageal regurgitation and that this reflects weakness 
or strain of the gastroesophageal “sphincter” mechanism.’^ Conditions during 
pregnanej' would seem to be ideally conducive to the development of hiatus 
herniation. As the gravid uterus enlarge.s, the abdominal contents are com¬ 
pressed and a pronounced rise in the basal intraperitoneal pressure results. In 
addition, a profound physiologic effect is exerted upon the collagenous compo¬ 
nents of the body by a eireulating hormone derived from the coi'pus luteum and 
placenta. Softening of the collagen in membi’anes, ligaments, and muscles re¬ 
sults and the 3 ' then tend to stretch in the face of the high abdominal pressures of 
pregnanej' and labor. Riglcr and Eneboe'“ subjected 195 women, chosen at ran¬ 
dom, to barium meal examinations during the third trimester of pregnancy and 
were able to demonstrate hiatus hernia in 5.1 per cent of primiparas and 18.1 per 
cent of multiparas. They re-examined 10 patients after parturition and in 4, 
hernias wore still present. These results are highlj' significant particularlj’ in 
view of the rigiditj’ of their radiologie er-iteria for diagnosis and the inadequacj' 
of their technique. During their examinations they made no attempt to baise the 
abdominal pressure except through coughing and straining. Such actions do not 
increase the pleuropei'itoneal pressure gradient markedly”’ and after parturi¬ 
tion, when the abdominal wall is lax, it is necessary that on artificial method of 
increasing the intraperitoneal pressure should he used before the existence of a 
hernia is e.xcluded.” It is probable that more of Bigler and Bneboe’s patients 
would have shown hernias postnatally had a compression appliance been used. 
The author has seen 3 multiparous women in the late stages of pregnancy who 
experienced intractible vomiting caused b)- hiatus hernias. In each case the 
peraistenee of the liernia was coufii’med with the aid of sustained abdominal 
compression from 3 to 6 months after parturition. 

Manj- hiatus hernias must go unrecognized during pregnancy because symp¬ 
toms of gastroesophageal regurgitation arc disregarded, even by the medical 
attendant. It is true that the sjunptoms regress after parturition but they tend to 
recur with subsequent pregnancies or with gain in weight. With 4 of my eases, 
r-ccurrence of dyspepsia has coincided with the development of pathologic abdom¬ 
inal tumors. 

One interprets the course of events as follows: During pregnancy the cardia 
may herniate through the esophageal hiatus as a result of the softening of the 
restraining membranes and the raised abdominal pressure. Following parturi¬ 
tion, the intraperitoneal pressure is suddenly diminished and the softened body 
collagen starts to involute. It is generally agreed that stability is restored within 
6 months but should membranous and clastic fibers be overstretched or ruptured, 
they never regain their previous strength. If this has happened to the muscle 
and membrane of the hiatus, full restitution of the stability is unlikely. How¬ 
ever, because of the now capacious abdomen with lax abdominal musculature the 
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leguigitating' foi’ce has been dissipated and only when the individual subse¬ 
quently gains "weight and increases her abdominal pressure, do dyspeptic S 3 mip- 
toms recur. 

Another important etiological factor is obesity. This, by causing “packing” 
of the abdominal viscera particularly if good abdominal muscle tone is retained, 
may so raise the basal intraperitoneal pressure as to overcome the intrinsic 
stability of the esophageal hiatus. We have kept records of the recollected age, 
height, weight, and basic biiild of 25 male and 40 female patients at the time 
when first they experienced sjTnptoms of reflux dj^spepsia. With this data it is 
possible to estimate the ideal weight for a given age and body build. The 
standard tables recommended bj’" the Metropolitan Insurance Company^® have 
been consulted for this purpose. The results of analysis indicate that a high 
proportion of patients ■\mth hiatus hernia first develop dj^^spepsia when thej’’ are 
ovemveight. Only one woman (2 per cent) was below ideal weight while 73 per 
cent were significantly heavier than desirable and 34 per cent were obese. There 
were fewer obese men in the group but the percentage who were more than 10 
per cent above ideal weight was approximately the same as the women (65 per 
cent and 73 per cent). Among the men who were overweight, there were manj’" 
who were of powerful build rather than fat. This is too subtle a distinction to 
analj'-ze statisticallj’", but the strong impression remains that men who retain 
good abdominal muscle tone are subject to hiatus hernia when they put on weight. 
It is not suggested that the first s 5 Tnptoms of reflux d,yspepsia indicate the pres¬ 
ence of a hernia. One agrees with Donnelly® that sjnnptoms of flatulent dj'"spepsia 
may precede the development of herniation hjr manj'^ years, but it is considered 
that the causes which produce gastroesophageal regurgitation will also eventuallj’" 
disrupt the esophageal hiatus. 

Although pregnancy and obesity are the two common causes of hiatus 
herniation, thej’" are not necessarily the onlj'^ ones. Anj-^ cause of weakening of 
the anterior muscle and membrane of the hiatal mechanism maj^ result in hernia¬ 
tion. Congenital deficiencies, trauma, or the degeneration of senility could aU 
be responsible. Long-continued increase of the abdominal pressure caused by 
pregnancy, obesity, abdominal tumors, pyloric spasm, and constricting garments, 
bj’" exerting an intractable strain upon the exposed anterior edge of the hiatus, 
maj^ also eventually disrupt the liiatus. In manj'" cases, both basic factors, 
namelj^ an increased herniating force and a weakened defensive mechanism, vdll 
be simultaneously responsible. 

Treatment, to be rational, must be directed either toAvard repair of the 
anterior defect and the aceessoiy ligaments or to reduction of the herniating 
force. The first can onlj’" be accomplished surgically and the latter medicall}’" 
unless a pathologic tumor is present. Weight reduction can never cure a hernia, 
yet, by lessening gastroesophageal regurgitation, it may so reduce the symptoms 
that nothing further need be done. The effectiveness of a pronounced diminution 
of the regurgitating force is unquestionable, a.s is instanced by the disappearance 
of symptoms of reflux dyspepsia after parturition. HoAvever, it is believed that 
once the complications of reflux esophagitis or fundal ulceration are present 
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one’s doeision as to tieatment &]ioultl be biased in fa\oi of suigical lepair It 
must be lemcmbeied that the intia abdominal pressure ns tbe beiniating foiee, 
and in otdci to piofeot tbe stabilitj of his lepaii a smgeon is nise to insist upon 
pie and postopoiatnc weight lediietion 


smniARi 

1 Tliiitj diaphragms hai o been dissected The aiiatomj of the esophageal 
hicitiis of the diaphiagra is desoiibod 

2 The leasons for tlie susceptibilit 3 of the hiatus to heiiiiation are analjzod 
It IS concluded that stabilitj is dependent upon the narrow size and oblique 
shape of the hiatus The crossoiei of the ciiiral limbs, the decussating muscle 
fibcis, and the transieise membrane of the central tendon of the diaphiagm aie 
the majoi pioteetiie structuies in that they maintain the size and shape of the 
hiatus at optimal dimensions The phienoesophageal ligament tetheis the eai 
dia at diaphiagm lei cl but once the hiatus dilates it becomes subject to the full 
stiain of the peritoneal piessure and ineiitablj it will stietch 

3 The intrapeiitoneal pressure is the foice which tends to pioduce gastio 
esophageal legurgitalion The same pressure is also the force wliieh extiudes 
the stomach into the mediastinum The effectiic herniating force is the pleuro 
peritoneal piessure giadieiit and this laiies phjsiologically and pathologicallj 
The causes of such variation haio been discussed clsewheie “ 

4 There is a lifelong antagonism between the herniating force and the 
anatomic resisting mechanism of the liiatus Homiation can occur when the 
heiiiiating foiee is incieased oiei a long peiiod of time oi when the resisting 
mechanism is weahened, often both causes aie present togothei Piognancj and 
obesiti are the commonest conditions which pioduce herniation in the adult 

I am grateful to Mr L Fatti, Head of tlio Department of Thoracic Surgerj of the 
Johannesburg Hospital, for allowing me to investigate and treat nnm of his patients 
Tho illustrations were reproduced tho Pliotograpluc Unit of the Department of Medicine, 
Universitj of the "Witwatersrand 
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RECONSTRUCTION OF THE THORACIC AORTA WITH THE AID 
OF A VASCULAR COUPLING DEVICE (VESSEL COUPLE) 

Report of a Case 

Timothy Takaro, M.D.* and Thomas P. Crymes, M.D.,** Oteen, N. C. 

T o ciBctijivENT the dual problems of spinal cord ischemia and cardiac 
sti-ain attendant upon occlusion of the upper descending thoracic aorta dur¬ 
ing reconstructive surgery, intraluminaP- ’ and extraluminal*'’ shunts, hypo¬ 
thermia,®' ” and extracorporeal circulation’"' have all been used with suc¬ 
cess. Additional techniques have been suggested by the work of Fryfogle and 
his associates,” and by that of Villegas,’* Kelly and Alden,” and Tibbs and 
Leslie.’" These surgeons have designed devices which make possible rapid ap¬ 
proximation of the opened ends of vessels or of vessels and grafts, with minimal 
interruption of blood flow. A leisurely suture-anastomosis in a more or less 
conventional manner is then possible while blood is flowing through the vessels 
being anastomosed. Subsequently, the devices arc removed. A number of 
nonsuture techniques have also been suggested”’ ’"' but, in two of these, the 
devices are left permanently in the vessel. This is usually not a desirable feature. 

An additional technique is presented in this report, based on a new coupling 
device After experience with it had been gained with 40 animals in the ex¬ 
perimental laboratory, it was applied clinically in a patient with a syphilitic 
aneurysm of the upper third of the descending thoracic aorta. 

The instrument, designed by one of us (T. T.), is essentially a vascular 
clamp made up of two cylindrical jaws of unequal length, bivalved to permit 
I'cmoval, and carrying fine teeth on one or two apposing ridges, t Two bolts 
which fit into perforated, slotted wings on the cylinders, make it possible to 
adjust the distance between the jaws of the clamp, and also to hold together 
the halves of each cylinder (Pig. 1). The technique of application of the clamps 
is illustrated in Pig. 2. The important feature to be noted is that the edges of 
both the vessel and the graft to be anastomosed present themselves between 
the ja-ivs of the clamp, and are thus available for suturing under direct vision. 

^From the Cardfo-Pulmonarj' Research Section, Veterans Administration Hospital, Otecn. 
RecoI\ed for publication April 21, 191S 

•Chief, Clinical Research and Resident Education Section, Surgical Division. 

••Chief, CardIo\ascuIar Surgery. 

tManufactured by A. W. Chattanay, ..Vshexille Tool and Gauge Company, .\she\llle. N. C. 
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Fig. 1,—The vessel couple disassembled, and assembled. 

A, Extraluminal jaw bearing fine teeth on two ridges with V-shaped groove between tiiem. 

B, Intraluminal jaw. or graft-bearing portion of couple, bearing fine teeth on a single 
ridge, which fits into the groove of the opposite jaw. In addition, on the shank of the cylinder 
there are two square-cut grooves, one to hold a temporary graft-everting ligature, and the 
other for a temporai-j' wire snare to hold the vessel cuff on the couple until the bolts can be 
placed. The two bolts adjust distance between jaws, and also serve to hold the halves of each 
jaw together. 


Fig. 2.—Technique of anastomosis using vessel couples. 

A, Host vessel prepared to receive graft-bearing portion of vessel couple. The extraluminal 
jaw is in place around the vessels and held together with temporary ligatures. Stay sutures 
steady the edge of the vessel. Both of these steps are usually done before blood flow is inter¬ 
rupted. After temporary occlusion of the blood vessel, it is opened over half its circumference. 
It is not divided completely. 

B, Intraluminal or graft-bearing jaw with nylon graft held everted on the couple with a 
temporary ligature gripping the first groove. This holds the halves of the couple together as 
well. 

C, Host vessel pulled over intraluminal graft-bearing jaw of the couple and held in place 
with temporao' wire snare gripping second gioove, until bolts can be put into place and secured. 

D, Vessel couple holds vessel and graft securely by multiple fine teeth on interdigitating 
ridges. The wire snare, the stay sutures in the edge of the vessel, and the ligature holding the 
graft everted on the intraluminal jaw liave all been removed. Blood flow has been re-established, 
and suturing of the edge of the vessel and the edge of the graft under direct vision has been 
started. 

E, The completed anastomosis—an everting suture line, following removal of the couples. 
A similar process is ordinarily carried out on the other end of the graft. 
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A vessel couple with an internal diameter roughly two thirds to three fourths 
that of the external diameter of the blood-filled aorta has been found by ex¬ 
perience to be about the correct size. 

CASE REPORT 

R. E., a 64-year-old white man, was admitted to the Veterans Administration Hospital, 
Oteen, N. C., ^itli a 2-year history of left chest pain. A mediastinal mass, which had not 
been seen on a roentgenogram of the chest 5 months previously, was noted by the referring 
attending physicians at the VA Hospital, Beckley, West Virginia. Subsequent investigations 
revealed that the patient had received treatment for syphilis some 30 years previously; that he 
had been subject to seizures of the grand mal type during the past 3 years; and that his 
wife had noted gradual mental deterioration over the past several years. The patient had 
suffered a cerebral concussion in an auto accident in April, 1955. 

The physical examination was not remarkable. A pulsating posterior mediastinal mass 
was seen at fluoroscopy, and cardioangiography, using a teclinique described by McCaughan 
and Pate ,20 showed this to be an aneurj'sm involving the upper descending thoracic aorta 
just distal to the origin of tlie left subclavian artery. Laboratory studies were unremarkable 
except that the VDRL serological reaction was positive in a dilution of 1 to 64 and the 
Kolmer was positive 4 plus in both blood and spinal fluid. 

Resection of the thoracic aneurysm was carried out on March 7, 1958, through a left 
posterolateral thoracotomy incision. An 8 by 15 cm. fusosacciform aneurysm originating in 
a widened portion of the aorta, 1.5 cm. beyond the origin of the left subclavian artery, was 
dissected almost completely free of the lung, vertebral column, and esophagus. The largest 
available vessel couple (2 cm, internal diameter) was prepared with a 15 cm. length of 
specially manufactured Edwards-Tapp crimped nylon fabric tubing, 2,5 cm. in diameter,* 
for insertion into the aorta distal to the aneurysm. At the site of the distal anastomosis the 
aorta measured 3.2 cm. in diameter. A larger couple was not available for use proximally 
where the aorta measured 4 cm. in diameter and, in any event, the short distance between 
the aneurysm and the origin of the left subclavian artery would not have permitted use of 
a couple at this point. The aorta was occluded above and below the aneurysm and divided 
above. An anastomosis between the nylon graft and the proximal aorta was carried out 
using a simple over-and-over running suture of 4-0 silk. This anastomosis together with some 
necessary brief dissection after division of the aorta occupied 25 minutes. 

The aneurysm was then laid open down to normal distal aorta, around which the extra¬ 
luminal jaw of the vessel couple had previously been placed. The graft-bearing intraluminal 
jaw was then inserted into the incompletely divided end of the distal aorta, and held in 
place temporarily with a wire snare. The bolts approximating the jaws of the clamp were 
applied and tightened and the occlusive clamps on the aorta above and below the aneurysm 
were removed, re-establishing blood flow, which was now directed through the graft. These 
maneuvers occupied 7 minutes. There was considerable hemorrhage through the interstices 
of the graft despite “pre-clotting” in a basin of fresh blood before use, and marked hypo¬ 
tension for a brief period of time resulted. There was no bleeding between the jaws of the 
couple. 

The aneurysm was next freed completely from its remaining attachments to the distal 
aorta and the esophagus, and removed. After dividing and removing the temporary ligature 
which held the graft everted on the vessel couple, the edges of both the aorta and the graft 
were available for suturing. An anastomosis was carried out between them, using the same 
simple running over-and-over suture of 4-0 silk. An everting suture-line resulted. The vessel 
couple was then removed. Bleeding from the anastomosis was minimal. The only feature 
which marred the final result was rather marked bo^ving of the nylon graft, due to stretching 

♦Generously donated by the U. S. Catheter & Instrument Co., Glens Falls, N. T, 
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of the prosthesis associated with the iargo volume of blood flow at high pressure. This 
made it impossible to cover the graft with mediastinal pleura. The wound was closed, 
and both pleural ca\*ities drained with negative pressure. 

The patient reacted promptly and moved all his eAtreraitics ugorously. Ho was oliguric 
for 2 days, but thereafter excreted over a liter of urine dail}'. Blood urea nitrogen rose to 
56 mg. per cent on the fifth day, and declined thereafter. Since there was no evidence of 
damage to the spinal cord, his transient oliguria and azotemia were attributed to tlie period 
of hj’potcnsion during surgery. The left recurrent laryngeal nerve had apparently been 
injured by dissection or traction during the operation, and there was hoarseness and aspira¬ 
tion of food and fluids. A tiachcostomy Avas done on the third postoperative day and oral 
intake stopped. Nevertheless, the patient developed a fulminating bilateral bronchopneumonia 
due to a hemolytic StafihylococCMS aurc»«, resistant to all antibiotics except Furadantin and 
Magnnmycin, and died on the ninth postoperative day. 




t, , —Autopsy specimen showing- nylon CTaft In descendiner tlioracic aorta, which 

haa runctioned perfectly for 9 days until death due to staphylococcal bronchopneumonia. 
The proximal anastomosis, at the top of the photograph, was made in the conventional 
manner; the lower anastomosis was made with the aid of a vessel couple while blood was 
flowing- tlirough the graft. 


An autopsy aass done. This showed bilateral suppurative bronchopneumonia, and a 
small localized empyema at the right anterior thoracotomy site. There was evidence of a 
mild to moderate nephrosis. The graft was intact and had apparently functioned well. The 
proximal anastomosis was teclmically satisfactory and the distal anastomosis was excellent 
(Fig. 3). . 


DISCUSSION 

Although shunts, hypothermia, and extracorporeal ciroulatipii have been 
used with success in treating aneurysms in this area, serious complir *" ’ 
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accompany the use of all of these methods. Thus, the continued search for 
other techniques which might be used independently or in conjunction with the 
three mentioned above. 

The technique presented allows the surgeon ample time to anastomose ves¬ 
sels and grafts, the ends of which are under direct vision for suturing while 
blood flows through the vessels being united. In using the Fryfogle vessel 
couples, we have been uneasy with the blind suturing method required, and 
unhappy with our results in the experimental laboratory. These difficulties are 
compounded with diseased, thickened vessels, and heavy graft material. We 
have had no experience with the other couples which have been described in the 
litei’ature. 

If a long enough cuff of vessel proximally is not available to allow use of 
the vessel couple for the definitive graft, b3--pass shunts can be placed rapidly 
with this device, using the left subclavian artery proximally, and the descend¬ 
ing aorta distally. After the proximal anastomosis of the definitive graft has 
been made in the conventional manner, the shunt can be uncoupled distally, and 
the distal end of the graft coupled to the aorta in its place. Similarlj-, use of 
vessel couples in conjunction with hj’^pothermia or extracorporeal circulation 
might shorten the time of application of these teeluiiques and thus perhaps in¬ 
crease the margin of safety for the patient. 

We are currently engaged in the laboratoiy in replacing the arch of the 
aorta in dogs and in suturing Hufnagel valves into the thoracic aorta with the 
aid of vessel couples. These experiments and the details of the laboratory work 
leading to the development of the technique described in this paper will be re¬ 
ported elsewhere. Modifications of the design of this coupling device, and other 
applications of this and other devices with similar aims will undoubtedly occur 
to surgeons interested in this field. 

SU5IMARY 

A teclinique for reconstiaieting the thoracic aorta using removable vessel 
couples of special design, with minimal interruption of blood flow, is described. 
A conventional suture-anastomosis can be made while blood is flowing through 
the vessels to be joined, since the ends of the vessels are available between the 
jaws of the clamp for suturing under direct vision. This technique was success¬ 
fully applied in reconstruction of the upper descending thoracic aorta in a pa¬ 
tient with a syphilitic aneurj^sm, using a crimped njdon fabric seamless-tube pros¬ 
thesis. However, the patient died on the ninth postoperative day of a fulminat¬ 
ing staphjdococeal bronchopneumonia. 

We wisli to acknowledge the assistance of Mr. Eobert P. Earner of Sangli, India, of 
Mr. Harry Smith, Miraj, India, and of the Bombay Surgical Company, Bombay, India, in 
the' development of some of the earlier models of our vessel couple. 
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PRESSURE MEMBRANE OXYGENATOR 

Ibrahim K. Dagher, Ai.D., Beirut, Lebanon 


M any varieties of artificial pump-oxygenators for total cardiopulmonary 
bypass have been described. All are variants of one of the main three 
types: the film,®* "* ® the bubble,®* ^ and the membrane oxygenator.®* ® Bach one 
of these methods of oxygenating blood has its limitations. Common to the first 
two varieties is the existence of the gas blood interface which has been demon¬ 
strated to denature the l)lood proteins.® The membrane oxj’-genator protects the 
extracorporeal blood from the gaseous oxygen and prevents air embolization. 
Its efficiency is limited by the ability of the membrane to allow the exchange of 
gases between the blood and its ambient medium. This limitation has been 
partially compensated for by the increase of the membrane surface exposed to 
the blood.® Consequent^ the size of the apparatus and its priming volume 
increased.®® The purpose of this paper is to describe a pressure membrane oxy¬ 
genator capable of diffusing four times more oxygen than has previously been 
reported.® Thus, the size of the apparatus and its priming volume can be pro¬ 
portionately decreased. 


PRINCIPLES 


On the basis of the kinetic molecular theory of gases it can be shown that 
the number of moles (M) of a gas at a given pressure diffusing through a sur¬ 
face (S) of a membrane of a known thickness (Z) during a period of time 
(T) can be represented by the formula®®: 


_ s X (PI - P2) T 

~ VMol.“WtT X Z 

Where K = Constant of porosity of the membrane. 

PI = Pressure of gas on one side of the membrane. 

P2 = Pressure of gas on the other side of the membrane. 
Mol. Wt. = Molecular weight of the gas. 


If, in the above formula, the constants are eliminated the volume (V) of 
a gas diffusing through the membrane per unit time per unit surface area will 
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be proportional to the pressxrre gradient between tbe two surfaces of the mem¬ 
brane : 

V ~ PI - P2. 

The rate of diffusion of carbon dioxide dissolved in the blood will follow 
Graham’s law and wiU be proportional to the difference in partial pressure of 
carbon dioxide on the two sides of the membrane and inversely proportional to 
the square root of its molecular weight.” 

It is these principles which have been applied in the construction of the 
proposed “pressure membrane oxygenator.’’ 



OXYGENATOR TUBE CROSS SECTION 



OXYGENATOR TUBE 
CROSS SECTION DETAIL 


I SCALE TOO 


Pia. 1.—Enginecrins drawing of a cross section at the middle of the oxVaenatlng unit. 


JIATERtAL AXD JIETHODS 

A cylindrical polyethylene (Polythene) membrane 0.00254 cm. (0.001 
inch) in thickness was tested against pressure and its rupturing point deter¬ 
mined. Its ability to diffuse oxygen and carbon dio.xide under a given pressure 
was measured and compared witii the results obtained by other investigators.’ 
A measured volume of fresii canine venous blood was circulated around tbe 
membrane for a definite period of time. The o.xygen and carbon dioxide con¬ 
tent of tbe venous and arterialized blood was determined by the method of Van 
Slyke and Neill,” and tbe pH was determined with a glass electrode (Beelonan 
pH meter). The pressure and tbe flow of oxygen through the polyethylene 
cylinder were regulated and measured by a pressure meter and' a flow meter-. 
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The blood pressure in the plastic (Mayon) tubing between the venous head of 
the bigmamotor pump and the oxygenating unit was monitored with a mer¬ 
cury manometer. All parts of the setup coming in touch with the blood, except 
the polyethylene membrane, were siliconized. 

PROCEDURES 

Pressure Mevibrcme Oxygenator.~A cylindrical polyethylene membrane, 
0.00254 cm. in thickness, 4.9 cm. in diameter, and 100 cm. in length, presenting 
a diffusing surface area of 0.154 M.*, was fastened over a rubber stopper on 
one end and was introduced into a 100 cm.-long glass tube into which a rubber 
mat with longitudinal grooves had been placed (a grooved plastic tube would 



Pigr. 2.—Engineering drawing of a longitudinal section at the end of the oxygenating unit. 


have been easier to handle). The other end of the membrane was fastened in 
a similar fashion around another rubber stopper so that all the membrane was 
supported by the rubber mat. Bach of the rubber stoppers had a central hole 
into which was introduced a 15 cm.-long stainless steel connector. A sleeve of 
siliconized rubber was fixed to both ends of the outer glass tube and was closed 
with a rubber stopper with two holes. The central hole admitted the stainless 
steel connector that had already been introduced into the single hole of the 
rubber stopper around which the polyethylene membrane was fixed. The other 
hole admitted a stainless steel connector that directed the blood into and away 
from the oxygenating unit. A shoi-t distance, 3 to 5 cm., was left between the 
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two ruliber stoppers on each end to allow the blood to find its way into and away 
from the grooves around the membrane (Figs. 1 and 2). The control stainless 
steel connector on one end was attached to an ordinary oxygen tank with a 
pressure-reducing flow meter. The central connector on the other end was 
wired to a rubber tubing with two side-branchings. A Hoffman infusion clamp 
was applied on one branch and the other branch was attached to a pressure 
meter. The oxygen flow meter was opened until it marked 8 L. per minute and 
the Hoffman clamp was tightened until the pressure meter read 500 Gm./sq. 
cm. At this pressure, the o.xygen flow meter usually recorded 3 to 4 L. per 
minute. Isotonic saline solution was then pumped into the system until all the 
air was driven out. Four hvindrcd and fifty milliliters of fresh canine venous 

BUBBLE TRAP AND RESERVOIR 

X BIG NEEDLE OPEN TO ATMOSPHERE 



GENERAL SET UP OF ARTIFICIAL HEART-LUNG MACHINF 

(SCHEMATIC VIEW) “ i-— 

2t.n-58 

Pie. 3.—EnBlneering drawing of Uic general act of one oxyBenatinB unit when asi»mbled. 

blood was used to displace the saline solution. The tubes were connected with 
a stainless steel connector creating a closed system with a bubble trap on the 
arterial end of the oxygenating unit (Fig. 3). In each experiment the blood 
was eireiilating around the membrane for 4 consecutive minutes. Blood .samples 
for analysis were taken at the start and at the end of each perfasiem e.\perimenL 

REStmTS 

The unsupported polyethylene cylinder stood a pimarc- of WO Gxi 
cm. Above tliis pressure, it dilated and proceeded to rtgjture ”'Wirr 
ported by the grooved cylinder, the membrane stood a -5“ 
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cm. At this pressure, however, the membrane wedged itself into the furrows 
of the mat. The resistance to the circulating blood was thus increased and the 
pressure in the plastic tubing between the venous head of the pump and the 
oxygenating unit reached 360 mm. of mercury. At this same pressure, the 
diffusion of oxygen through the membrane was 53.3 ml./M.Vmin. At a pres¬ 
sure of 500 Gm./sq. cm. the pressure of the blood between the venous head of 
the pump and the oxygenating unit was 180 mm. of mercury. At this pres¬ 
sure the oxygon diffusion averaged 32.5 ml./M.Vmin. The carbon dioxide con¬ 
tent of the venous blood averaged 27.05 niM/L. and that of the arterialked 
blood 14.49 mM/L. The pH of the arterializcd blood went up to 7.33 ± 0.01 as 
compared with 7.25 ± 0.01 for the venous blood. 

In another set of experiments in which blood with a relatively high oxygen 
content (19.76 V per cent, 89.94 per cent saturated, and 20.73 V per cent, 
94.30 per cent saturated) was used, it was found that the blood became fully 
saturated (21.97 V per cent) and fine bubbles appeared in the tubing system. 
Tliese results are presented in the accompanying table (Table I). 

DISCUSSION 

The crests of the grooved mat over which the polyethylene membrane lies 
not only support the membrane, preventing it from rupturing at a pressure 
of 500 Gm./sq. cm., hut also prevent it from -wedging into the grooves. Thus, 
the blood will pass through the grooves around the membrane and pick up 
the diffused oxygen without having the pressure inside the membrane transmitted 
to it. 

The diffusion of o.xygen across the membrane is directly proportional to the 
pressure gradient between the two .surfaces of the membrane (PI - P2). IVliere- 
as at atmospheric pressure 7.6 ml. of oxygen was reported to diffuse across one 
square meter per minute, at a pressure of 500 Gm./sq. cm. above atmospheric 
pressure an equal surface of a membrane of the same thickness and chemical 
composition diffused 32.5 ml. of oxygen per minute. This represents an in¬ 
crease in diffusion efficiency of 427 per cent. At a pressure of 1,000 Gm., the 
diffusion efficiency became 705 per cent. At such a high pressure a thicker 
membrane is less likely to wedge into the grooves and the blood will circulate 
without any increase in the resistance to its flow. 

In the experiments in which the circulating blood could not dissolve and 
combine with all the diffused oxygen, the formation of homogeneously dis¬ 
tributed mierobubbles was noticed. The bubbles represent the increment of oxy¬ 
gen diffused over the oxygen dissolved in, and combined with, the blood. Prom 
these experiments it is conolndcd that the volume of blood cireulating around 
the membrane should liave the ahUity to dissolve and combine with all the oxy¬ 
gen diffused in order to prevent the formation of bubbles. Tlie formation of 
these hubbies can be prevented either by increasing the cireulating blood volume 
(and tills is limited by the volume of the venous return), or by.decreasing the 
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pressure inside tlie membrane. As an added safety measure a bubble trap lias 
been included in the circuit to allow the escape of such bubbles and to act as 
a reservoir for blood. 

^ The carbon dioxide elimination was very effective. Although the pressure 
inside the membrane was 500 Gm./sq. cm., the partial pressure of carbon dioxide 
was zeio and its elimination from an average of 33 mM/L. in the venous blood 
to 14.6 mM/L. in the arterial blood is the result of the high pressure gradient 
between the two surfaces of the membrane. In spite of the high rate of carbon 
dioxide diffusion the pH of the blood did not change appreciably. It went up 
from 7.24 ± 0.01 to 7.33 ± 0.01. This low carbon dioxide content plus a normal 
pH is similar to a state of compensated respiratory alkalosis which can be pre¬ 
vented by mixing carbon dioxide with the oxygen in order to decrease the 
pressure gradient of carbon dioxide. 

In order to have a diffusing surface large enough to provide a sufficient 
amount of oxygen to saturate all the venous return, several oxygenating units 
can be assembled in parallel. Tliis arrangement increases the ''mechanical ef- 
fieienc 3 '-” of the sj^stem by increasing its surface of diffusion and decreasing its 
total resistance to the blood flow according to the following foimula derived 
from Poiseuille’s law^-: 

JL = i- + i_ +1_ 

E E. EA ■ ■ E„ 

Where E = total resistance 

Eo > = respective resistance of each oxygenating unit. 

SUMMAKY AND CONCLUSIONS 

A pressure membrane oxygenator has been described. The oxygen diffusion 
through a polyethylene membrane 0.00254 em. (0.001 inch) in thickness, at 
a pressure of 500 Gm./sq. cm. aliove atmospheric pressure, was found to be 
32.5 ml./M.Vmin. and, at a pressure of 1,000 Gm./sq. cm., it was found to be 
53.3 ml./M.-/min. This represents increases, respectively, of 427 per cent and 
705 per cent in the diffusion efficiency of a similar membrane at atmospheric 
pressure. In the method described enough blood should circulate around the 
diffusing membrane to dissolve and combine vdth all the diffused oxygen in 
order to prevent the formation of mierobubbles. The carbon dioxide elimination 
was effective and the pH of the blood did not ehange appreciably. 

I wish to express appreciation to Professor .TJioraas Bridgewood of the Faculty of 
Engineering, American University of Beirut, for the engineering drawings, and to Mrs. N. 
Hemadeh for the chemical analysis of the blood specimens. 
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CILIARY STREAMING THROUGH THE LARYNX AND 
TRACHEA 


Relation to Direction of Ciliary Beat and Significance in Sites 
of Respiratory Disease 

A. C. HHding, Ph.D., Dnlutlj, Minn. 


T he pattern of flow of the mucous blanket from the bronchial tree through 
the larynx is so designed as to avoid the squamous epithelium covering the 
vocal cordsd Drainage, on the way to the esophagus, is directed through the 
interarjdenoid area." This region is covered by ciliated epithelium. Lower in 
the bronchial ti’ee, the openings of tributarj^ bj’onehi act as obstructions in the 
ciliary stream and these, like the vocal cords, must be bjqjassed.® 

Are the curving patterns of flow around these obstructions due to directions 
of ciliary beat, other than the usual axial one, or, are the}^ due only to unequal, 
oblique traction upon a tenacious mucous blanket? The present study was 
undertaken to answer this question. Observations were made of the patterns of 
flow about the natural obstructions and about artificial obstructions interposed 
in three different areas; (1) in the trachea, where the ciliary stream flows 
straight and axial and where the ciliary beat is presmnahly in the long axis of tlie 
air passage; (2) at the earina tracheae where the mucous blanket makes a four¬ 
way split and changes direction sharply, and (3) upon the vocal cords, where 
there is a split of the blanket and a right-angle change of direction. 

One cannot avoid wondering if these patterns of flow are related to the 
distribution of disease in the respiratoiy tract. 

The material used in this study consisted in tracheas removed from freshly 
Idlled cows and the lai’ynges and tracheas removed from freshly killed calves. 

The specimens were kept, vmtil used, in plastic bags to prevent drjdng. It 
was unnecessary to warm the specimens above room temperature to preserve 

ciliary activity. 4 s rpi 

The teelmique was the same as that used in previous studies.’’ ® 
tracheal specimens were split in the midline posteriorly, spread out and nailed 
or pinned to boards. Some of the laryngeal specimens were similarly split and 
others were halved by cutting in the midline anteriorly and posteriorly. India 
ink, placed upon the mucous blanket, was watched in its progress along the 

ciliary stream. 

From the Research Laboratory. St. Luke’s Hospital, Duluth, . 

the BdS'a EliSh^i^Jongrn ^and^tL Vo'men’s Service 

Guild of St. Luke’s Hospital. 
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Fiff 1 —^Trachea of calf showing cillar} streaming about six serfallj made transverse 
incisions placed in a pattern The winding course can be readily appreciated bj following 
the central stream through the series This course is presumably due to unequal traction 
upon the mucous blanket Each Incision dividing the blanket remoies dowmstream traction 
from the area immediately upstream thus reducing the \eloclty here Three orders of ^e- 
locltj, are apparent (1) that of uninterrupted flow (2) that on the upstream side which 
can be seen by comparing the flow In the rtght->hand and central streams in O. D and E and 
(3) that on the downstream side of the indlslons <&een in the right-hand stream in F and G). 
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Tracheal Incisions.—Incisions (straight, carved and circular, placed trans¬ 
versely and obliquely) were made through the mucous blanket and mucous mem¬ 
brane 111 sections of the traeheas of cows in imitation of the natural obstructions, 
for the purpose of determining the effects of traction upon the mucous blanket 
and the behavior of the latter at such obstructions. 

Transverse: The pattern of flow about single and multiple transverse inci¬ 
sions was found to be rather characteristic, with variations in detail depending 
upon the viscosity of the blanket and the positions of the incisions relative to 
one another and to the long axis of tlie air passage. 

It is to be remembered that the ciliary stream in man is upside down. 
“Downstream” is upward toward the larynx and conversely “upstream” is 
domi toward the alveoli. 



FIS’. 2.—Calf trachea showing: residual ink-stained mucus pushed into transverse ancisions 
by ciliary action. The second incision from the top was filled to the point wliere it made con¬ 
tact with the blanket on the downstream side, thus i e-estabiishing drainage. 


AVhen India ink is placed upstream from a transverse incision, it flows to¬ 
ward the incision and, at a variable point upstream, some of it begins to deviate 
toward one or both ends of the incision (Fig. 1). Flow directly toward the inci¬ 
sion continues but more slowly than the prongs passing around the ends. The 
latter may pass the ends of the iiieision aud already be far tip the trachea 
(downstream) before that which is flowing directly toward the incision arrives 
at its upstream margin. Arriving there, this portion collects and overflows into 
the incision—a phenomenon that can he explained only by a direct push by the 
underlying cilia, since the factor of traction at this level has been removed by 
the division of the mucous blanket. Not infrequently the accumulation in the 
incision may become so great that it spans the gap, makes contact with the 
inticous blanket on the downstream side and once more starts off toward the 
upper trachea (Fig. 2). AVhen the area has cleansed itself of inlc, a residuum 

always remains in the incision. 
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When a mimbor of incisions nee laid out in a pattern, as shown in Pig. 1, 
the phenomenon of traction and different \cl<ieitios gives a meandering pattern 
stick ns that illustrated. The portions winch flow axially are obstructed at the 
incisions, which they fill more or loss completely, and in which a residuum re¬ 
mains when the rest of the mucosa has cloaneil itself. 

Ohliquc, inverted “L,” and circular tnciitons: Oblique, inverted “L, ” and 
cireular incisions were made and the pattern of flow was similar to that described 
at the transverse incisions, with some tanations m detail. In each instance a 
residuum remained at the upstream margin of the incision. 

Axial; Axial incisions did not cause a dc\ iation of flmv nor an accumulation 
of ink. The ink-stained mucus flowed paiallcl with the incisions on both sides 
and there was no tendency to overflow tin maigiiis 

Curved: Very striking and illuiiiiiiatnig were the patterns formed about 
curved incisions with the concavity diuctoil upstream (Fig. 3). Deviating 
prongs first flowed past the two horns of the crescents, as past the straight, 
transverse, or oblique incisions. Later the flow filled in the concavity to the up¬ 
stream lip of the incision and also the blanket dragged past and over the tivo 
horns, as it was pulled downstream by traction 



Fig. 3—Pattern of flow about two curved Incisions Even though the factor of traction 
has been eliminated within the concavity by the incision, the Ink travels to and overflows the 
upstream margin This action Is dvie to the ciliary beat 

When the blanket is less viscid, the deviation of flow is less marked. If the 
blanket is first largely washed aw'ay with Ringer’s solution, then the flow is 
almost entirely parallel with tlic long axis of the trachea and the ink gathers 
in the incisions with little tendency to flow .about tlie ends. Tliis woifld seem to 
indicate that considerable tension may develop in the original mucous blanlcet 
under certain circumstances. 

Laryngeal Experiments .—The preceding experiments with obstnicting inci¬ 
sions in the tivachea indicate that, by virtue of traction on the mucous blanket, 
drainage about obstructions was rather good, even though the ciliary beat was 
axial in direction. It was not perfect because inv'ariably some residual ink re¬ 
mained at the upstream margin. 'It is conceivable that drainage about the vocal 
cords could be explained on the basis of traction alone in tlie presence of ' 
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beating eiha in surrounding areas. It would be more effective if the direction of 
ciliary beat were that of the direction of flow rather than axial. Several experi 
ments were done to determine the direction of beat in the region just inferior 
(caudad) to the cords. 


^ Axial incisions: In an experiment done on 6 cows and 2 calves, an axial 
incision was made through the posterior part of the vocal cord and then ink 
placed low in the anterior larynx or across the entire circumference in the upper 
trachea or lower larjuix. If the ciHary beat had been axial in direction upon 
the latei'al wall and cords, the ciliary flow should then also have been axial in 
direction, flowing parallel with the incision on both sides, as it did in the 
trachea; but this it did not do. 



!•—L'Strynx of cow split in midline posteriorly and spread to show the interior. C = 
vocal chords, ill = Midline anteriorly. / =: Axial incision across posterior end of vocal cord. 
This incision eliminated the factor of traction at this line but the oblique directions of flow 
were not altered indicating: that the direction of ciliary beat just below the cords is not axial 
but oblique. 


Four of these larynges were split in the midline postei'iorly, spread out and 
nailed to a board. The incision was made through the mucous blanket and 
mucous membrane across the arytenoid and posterior part of the left cord. The 
right side acted as the control (Pig. 4). A line of ink was allowed to flow across 
the entire circumference of the lower larynx and the larynx placed in an upright 
position, so that streaming would be upward against gravity. The flow was 
sluggish in some, but, in general, was about symmetrical on the two sides, flowing 
up and posteriorly upon the lateral walls to avoid the cords. That upon the 
antei’ior half of the left side flowed to the anterior lip of the incision and then 
overflowed into the incision; that in the posterior half rose posterior to the inci¬ 
sion and then flowed away from this in an upward and posterior direction. 

Pour larynges were divided completely’’ into right and left halves by midline 
incisions, both anteriorly and posteriorly, and the two halves mounted sep¬ 
arately in three and only’’ the left half in the fourth. In 1 (Cow 93), the ink 
flowed posteriorly and around the inferior end of the incision in the left half. 
The right was used as a control and showed the usual up and back flow. In 
another, the flow on the left lateral wall described a spiral course flowing first 
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anteriorly and upward, tlicn swinging posteriorly under the cord to pile up at 
the anterior margin of the incision (Cow 74). The right half (control) exhibited 
the same odd anterior, upward and posterior spiral. In the other 2, the flow was 
up and back to the anterior lip of the incision. In 1 of these (Calf 43), the 
axial incision was made in both halves. In the right half, the ink-stained mucus 
filled the incision, made contact with the blanket on the posterior side and was 
pulled across. Streaming was too sluggish in the left to eariy the ink as far as 
the incision. 

These experiments all seemed to show that the posterior flow on the lateral 
irall of the larynx was not due to traction on the blanket because the flow in that 
direction continued even when the possibility of traction from the interarytonoid 
area had been removed by the axial incision. Moreov'er, the fact that ink- 
stained mucus eollcoted on the anterior lip of the incision, and never the pos¬ 
terior, indicated that the incision lay across the direction of ciliary beat. 

Isolation of subglottic region: A rectangle of mucous membrane lying just 
caudad from the vocal cord was isolated by the axial incision just described 
and a transverse incision running anterior from this to the midline and parallel 
with the cord and at the level of the cricoid cartilage. This isolated rectangle 
was bounded by the midlino anteriorly, the axial incision posteriorly, the trans¬ 
verse incision inferiorly, and the squamous epithelium of the cord, superiorly 
(By “superior” is meant cephalad and “inferior,” caudad.) Ink was placed 
at the anterior-inferior corner of the rectangle and its progress obsemd. 

This experiment was done in the larjmges of 6 calves. In 5 of these the 
larjmx was split open posteriorly and mounted upon a board with the anterior 
aspect dependent and the upper end raised somewhat. The loft was used as the 
test side and the right as control. In the sixth, the larynx was completely divid¬ 
ed in the midline anteriorly and posteriorly and only the right half used in the 
test. 

In all 6, the direction of flow from the anterior-inferior corner in the 
isolated rectangle was up and back. Anteriorly it was almost straight up but 
inclined progrc-ssively more and more postcrioi'ly as the arytenoid was ap¬ 
proached, until just beneath the arytenoid, it was more back than up. The 
pattern was symmetrical on both sides but, in some, there was a little more 
motion on the control side where traction also was effective. Ciliary flow was 
sluggish in all and, in 3 the ink did not carry as far as the axial incision, but, 
in the other 3, it flowed to and over the anterior lip of the incision. This ex¬ 
periment also indicates that the ciliaiy beat in the subglottic region is not axial 
in direction. 

Visualization of Ciliary Seat .—^Many attempts were made to visualize the 
. cilia to determine the direction of beat. 

Direction of beat in larynx: The wave fronts were seen in a fair number of 
laryngeal specimens. The wave front ordinarily lies at right angles to the 
plane of heat and progresses in the direction of beat. The wave fronts in these 
specimens progre.ssed along curved lines, passing up and back in much the same 
pattern as the lines of flow. 
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^ The left half of the larynx of Cow 124 was irrigated and then stained lightly 
with India ink. The eilia could be seen fairly well and the direction of ciliary 
beat just under the cords anteriorly was axial and toward the cord at about right 
angles but, under the posterior portion of the cords, tlie direction of beat was 
posterior and up. 

Five hemilarynges from 3 calves were mounted on blocks and chilled in 
the refrigerator until the cilia slowed and almost stopped. Wlien examined 
under a dissecting microscope, the direction of beat could be visualized quite 
readilj’". A sixth half exhibited such slow ciliary action that the direction of 
beat could be observed without refrigeration. 

In tliese six iiemilarmiges, tlie direction of beat in the subglottic region 
was axial and toward tlie cord anteriorly but, progi-essing toward the arytenoid, 
inclined more and more backvmrd. Just under tlie latter it was up and back 
at about 45 degrees. 

Direction of heat in trachea: It lias been assumed in these studies that the 
plane of ciliary beat in the traeliea was parallel to tlie long axis. To verify this, 
long sections of the tracheas (a third to a half of the full length) from 3 calves 
were split posteriorly, spread open, mounted on boards and chilled in the 
refrigerator to slow the eiliaiy movements sufficiently so that they could be 
followed. j\Iany fields were examined in each and, vath one exception, the 
beat was parallel to the long axis of the trachea in all 3. In one specimen, in 
a single field, near the margin of the incision along the posterior waU, Avhere 
the mucosa was throvm into folds, the beat seemed to be some 15 to 20 degrees 
off the long axis. 

It is conceivable that the direction of ciliary beat might be altered in some 
way b.y incisions in the trachea, such as those described above. Therefore, the 
direction of beat was studied about some of these incisions after chilling and 
there was no evidence found that the direction had been altered. It remained 
axial in all fields examined. 


DISCUSSION 


These studies indicate that the plane in which the tracheal cilia beat is 
generally parallel with the long axis of the trachea. This, of course, would be 
expected. Artificial obsti-uctions to ciliary streaming, in the form of variously 
placed incisions, show no evidence of a change in the direction of ciliary beat.^ 
But the ciliary stream, in these freshly killed cows and calves, deviates more 
or less to avoid such obstructions, and much of it bypasses. The flow is faster 
in those portions that de^date than in those that flow directly to the obstructing 
incision. This would seem to indicate that the blanket in the latter area has 
been deprived of some of its motivating power, as though there were ^ 
stream pull in the blanket that has been lost by cutting across the blanket. 


*This is consistent with the recently reported Hndings of Beattie and 

versing- a section of trachea while making studies Pertment to a surgwal. g chickens, 

tions of the trachea. These workers reversed large sections of j_„gneratea and disappeared 

ayicSia-sf Mr 

„.r. .h.y be., 

in a caudad direction. 
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Since the blanket is viscid and vill sustain traction, this downstream pull is 
effective past the ends o{ the incision and upstream, thus causing the observed 
deviation. IIow much, if any, tension develops in the blanket of the normal, 
living bronchial tree is problematic. How well the blanket would be maneuvered 
about similar obstructions in the living is unknown. It is known that the 
nonciliated areas in the nose are drained by traction. 

Under certain conditions, the flow of the ciliary stream may be greatly 
retarded or cease entii'ely, although the underlying cilia may continue to beat 
vigorously. Threads of mucus that remain attached within the glands that 
produced them often extend downstream for considerable distances and are 
attached to the underside of the mucous blanket. These act as anchors that 
retard or stop the progress of the blanket even when the cilia continue to heat 
rapidly. 

It could be possible that drainage of mucus about naturally occurring oh- 
struetions, such as the bronchial openings, and the vocal cords, is accomplished 
through traction alone by ciba that beat in an axial du'cction. This is not the 
case, however. At both the bronchial openings and the vocal cords, the cilia 
beat obliquely, to push the blanket past these obstructions. This was demonstrated 
at the major and minor carinae in a previous study.*^ It was shown to he 
the ease at the vocal cords by the experiments with incisions, as described 
above, as well as being demonstrated by direct vision after sloiving the ciliary 
boat by chilling. Tlio direction varies between the anterior commissure and 
the arytenoid cartilage from an axial one at the commissure to an oblique one 
of about 45 degrees just under the ar 3 rtenoid. 

The epitheUum on the margin of the cords is squamous in type, whereas 
that in the interaryfonoid region is ciliated. Practically all mucus normally 
drained from the lower tx-aet passes out between the arytenoids, the major por¬ 
tion flowing there directlj- without ever reacliing the cords. It is at the cords, 
however, especially in the anterior portion, that a slowing of di’ainage takes place. 

The blanket coming to the anterior commissure and anterior part of the cords 
approaches at right angles, since the cilia here are beating in an axial plane or 
nearly so. Here, at the anteilor coi'ds, it ceases its a.xial progress, is torn asunder 
into two parts, each of which turns at right angles to flow backward under the 
margin of the cords. 

Incomplete studies on imman larynges seem to show a pattern like that in 
these animals inferior to the cord. Wliat it is like above the cords, I cannot say 
at this time. The bovine animal does not have a ventricle or ventricular band, 
nor does it have a ventricular appendage, which iu man is richly supplied with 
mucous glands. In man, certain squamous i.sland.s often occur in the bronchial 
tree, especially in the main bronchi. The manner of ciliai-y flow about those has 
not been demonstrated but, if traction upon the blanket plays the same role as 
elsewhere, and it presumably docs, then the blanket would flow partly over and 
partly around such spots with perhaps some retardation of velocity. 

One cannot avoid wondering what relation, if any, this pattern of flow has 
to the distribution of disease in the resph-atory tract. Carcinoma occurs most 
frequently at the margin of the cords and in tlieir ant ' n-’lf v.'r'heroulous’'''^ 
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lesions ocrar eliaracteristically in the intei-arytenoid area. Why should this 
difference obtain? I do not think the answer is knoAvn, but one is tempted to 
speculate. Speculation is perhaps permissible as long" as one ]reep.s clearly in 
mind exactly AAdiat he is doing. 

One possible explanation might be about as follows: An invasion and infec¬ 
tion of a spot of tissue by the tubercle bacillus theoretically is a single event. 
Theoretically, it would be possible for a single organism to initiate a lesion. 
Since larjaigeal lesions are comparatively uncommon in pulmonary tuberculosis, 
it must be, from the vicAvpoint of the bacillus, an exceedingly rare occurrence; 
perhaps it could be compared with the fei’tilization of the omim by a sperm cell. 
This event seems to be purely a matter of chance with a single OAUim involved 
and millions of sperm cells SAvarming about. This also is a single event. Since 
practically all of the drainage from the loAver respiratory tract passes betAveen 
the arjdenoids, the number of tubercle bacilli j)assing here Avonld be greater than 
elscAAdiere in the larynx, and other factors being equal, the likelihood of invasion 
Avonld be correspondingly greater—Alienee the distribution of tuberculous lesions. 

As information becomes available concerning the initiation of carcinoma, 
the indications are that an entirely different process is involved than in the 
case of the tubercle bacillus. Carcinoma in the larynx is presumably not 
caused by a single event, rather by the repeated application of certain carcin¬ 
ogenic compounds over long periods of time. The time element plaj^^s a big role— 
not only must the application be repeated a great many times over many years, 
but each application to a given spot presumably must be of a certain minimal 
duration. Thus, carcinoma Avould seem prone to occur at some point Avhere the 
floAv of the ciliaiy stream, bearing the carcinogenic materials, is retarded more 
or less. Such an area could be the anterior portions of the cords, Avhere the 
mucous blanket ceases its axial progress and must be torn in half to pass at right 
angles in different directions, and this is actually AAdiere carcinoma does occur 
most frequently. 

Although the bronchial tree is not the subject of this study, reference has 
been made to preAuous studies concerning ciliary streaming and possible modes 
of carcinogenesis in this portion of the respiratory tract. It might he of 
interest to point out that carcinoma of the bronchial tree tends to occur in the 
root of the lungs and that this distribution can be explained on the basis of 
retardation of ciliary floAV. It is in this region that the squamous islands are 
prone to occur and it is here that numerous large bronchial openings act as 
obstructions.®’ ^ In the trachea there is usually no obstruction to floAV and 
carcinoma here is infrequent. 

CONCLUSION 

1. These studies in the larjmges of animals indicate that the pattern of 
ciliaiy streaming is so designed as to aAmid floAV across the vocal cords. Even¬ 
tually practically all of the drainage from the loAi'er tract passes through the 
interarjdenoid region. 
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2. The obsex’ved dii’ections of flow in the larjoix are due to a comhination 
of oblique traction upon the mucous blanket and oblique planes of ciliary beat. 

3, In the tracliea both the ciliary beat and tiie direction of ciliary streaming 
seem to be parallel to the long axis of tlie trachea. 


summary of speculative comment 

One can speculate as to the relation these findings might have to the dis¬ 
tribution of disease. Tuberculous lesions occur commonly in the interarytenoid 
area, where the flow of tubercle bacilli reaches its greatest concentration. 
Theoretically, a tuberculous infection is a single event and, other things being 
equal, would occur where tlie concentration of bacteria is the greatest. 

On the other hand, carcinogenesis seems to involve many insults of minimal 
duration repeated frequently over a long period of years. These conditions 
would prevail where the mucous blanket is retarded in its flow. Such an area 
would be at the level of the vocal cords, at or near the midline anteriorly, where 
the mucous blanket ceases its axial progre.ss and is torn asunder to flow at right 
angles in opposite directions. Aclualb'- this is where carcinoma of the larynx 
is most apt to be found. 

Carcinoma of the bronchial tree is prone to occur in the root of the lung, 
where there are large obstnioting openings from tributaiy bronchi, and where 
squamous islands are apt to occur. Carcinoma rarely occurs in the trachea 
whei'e the ciliary streaming is free and uninterrupted. 
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THE METABOLIC EFFECTS OF AN INTRATHORACIC 
STOMACH ON A GROWING CHILD 


Theodore C. Jewett, Jr., M.D., David M. Carberry, M.D., and 
Richard H. Adler, M.D., Buffalo, N. Y. 

F or many years, surgeons have sought the ideal method for restoring gastro¬ 
esophageal continuity in extensive lye strictures of the esophagus. Sweet,“ 
in 1946, described the technique of subtotal esophagectomy with high intra- 
thoracie esophagogastric anastomosis for the treatment of extensive cicatricial 
obliteration of the esophagus, which was a major advance over methods pre- 
viousl 3 '^ available. In 1951, Paine" reported 2 cases of l.ve stricture in children 
who undei’Avent successful esophagogastrostomy. Other reports of similar suc¬ 
cesses "with this operation in infants and childi’en are now comparatively common. 

"While there has been much discussion as to the possible adverse effects that 
might occur from an intrathoracic stomach in infants and children, no studies 
of this nature have been reported in the American medical literature. An intra- 
thoracic stomach is known to be poorly tolerated by the infant during the first 
6 months to 1 year of life; thereafter, the problem of acute respiratory distress 
is of less concern. However, to our knowledge, the effects of a total intrathoracic 
stomach on growth and development have not been completelj’^ documented. Con- 
sequentljq this paper presents a careful evaluation of the metabolic effects on 
2 children with intrathoracic stomachs. 

The 2 patients studied wmre a boy now 13 jmars of age (M. S.) and a girl 
now 16 yaars old (N. H.). Both had intractable lye strictures and underwent 
esophageetomj^ with high esophagogastrostomies^' 8 ^mars ago. 

The eardiorespirator.v, hemopoietic, and gastrointestinal systems were eval¬ 
uated in this stud}^ A careful histoiy and pln-sical examination with special 
attention to the above-mentioned areas was done, as well as electrocardiogram, 
pulmonary function studies, chest x-rajq and hematologic work-up.t The gas¬ 
trointestinal tract was evaluated in relation to the child’s growth and develop¬ 
ment as plotted on the Wetzel Grid.*- Motility of the intrathoracic stomach was 
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studied by recording iircssurcs from iiitragastric tubes and tiie contour and 
emptying time of tlie stomach by barium x-ray studies. Studies included a 
gastric analysis, Hollander test to determine the presence or absence of vagal 
innervation. Complete metabolic studies for absorption of carbohydrate, fat, 
and protein were performed to determine any altered effieets due to the intra- 
thoracic stomach. 

CABDIOBESPIKATOBY EVALUATION 

Both children had frequent respiratory infections during the first 1 to 2 
j’ears following the csophagogastrostomy. Since then, however, this complica¬ 
tion has been no more frequent than in normal children. This fact, plus the 
lack of chronic cough and sputum production, is highly suggestive that there is 
no postprandial or nocturnal aspiration. Of interest is the persistent presence 
of dyspnea and fullness in the chest for 1 to 2 houre following the ingestion of 
larger than normal meals. 

Significant ph 3 ’sical findings reveal noimal contour and expansion of the 
thorax with no evidence of Icj'phoscoliosis. Auscultation of the chest was essen¬ 
tially normal. However, musical expiratory rfiles were noted on occasion in 
M, S. during episodes of soa.sonal asthma which this boj' has been knoum to 
have in the past few years. 

The ehest roentgenograms were within normal limits. The only abnormality 
was fullness at the right border of the mediastinum due to tlie intrathoraoic 
stomach. Elcotrocardiogram was within normal limits. 

Predicted normal pulmonary function cannot be as accuratelj’ estimated in 
children as in adults. However, it is recommended by Perris and co-workers^’ ® 
that these values bo based upon age, licight, weight, sex, and body surface 
rather than on only one of these aforementioned factors. Tlie following figures 
represent the predicted noms of pulmonary function, using Ferris’s standards, 
with the observed values of each child. 

Tredicted Accord'mg to: Titat Capacity Maximal Breatliinff Capacity 



tf. u. 

M. S. 

K, II. 

IT, s. 

Ago 

3.27U 

3.48L. 

92.0L. 

92.0L. 

Hciglit 

3.41L. 

1.82L. 

a07.3L. 

68.0L. 

Weight 

2.73L. 

1.50L. 

97.GL. 

53.0L. 

Body Surface 

2.83L. 

1.73L, 

93.0L. 

65.0L. 

Observed: 

2.60L. 

1.37L. 

133.0L. 

81.0L. 


Tlie vital capacity observed in tlieso children fell below predicted normal 
limits. However, the maximum breathing capacity was well within the normal 
range. Tlie spirogram pattern of both children showed no abnormalities wliat- 
soevor; even the boj' (M. S.), who has modei-ately severe asthma, had no evidence 
of air trapping. The disparity between tlie low vital capacity value and the 
normal maximum breathing eapacitj’ is the result of the space-occupying effect 
of the intrathoracic stomach which lowers the vital capacity. This is particularly 
significant since these respiratory studies were performed in the fasting state. 
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HEMATOLOGIC EVALUATION 

The results of the hematologic studies on N. H. revealed a normal hemo¬ 
globin, hematocrit, white blood cell count, and differential count. The serum 
iron concentration was 170 gamma per cent. The examination of the blood 
smear revealed that platelets were present in adequate numbers, and that the 
eiythroeytes exhibited some hypochromia. The alterations of erjdhrocyte mor¬ 
phology in N. H. were undoubtedly the result of the previous splenectomy done 
at the time of esophagogastrostomy. Similar studies on ]\I. S. were within normal 
limits except for an eosinophilia of 19 per cent, which is compatible %vith his 
known allergic asthma. The examination of the blood smear revealed that plate¬ 
lets were present in adequate numbers, and that the erytlirocjdes were normal 
in appearance. 

GASTROINTESTINAL TRACT EVALUATION 

After the early compensatory period of 1 to 2 years following the esopli- 
agogastrostomy, these children have had relatively normal eating habits. Both of 
them have excellent appetites and eat three full meals a day and often, after 
the evening meal, will take a bedtime snack. It is of interest that one of these 
children (N. H.) can vomit if she so desii’es; the other child (M. S.) finds that 
voluntary emesis is impossible even if he so desires. Neither child has had any 
symptoms suggestive of esophagitis, such as heartburn or substernal pain. ]M. S. 
does have some eructation following meals, while N. H. does not. N. H. ex¬ 
periences regurgitation of sour fluid after meals if she lies flat while M. S. 
does not have this difficulty. 

The effects of the thoracic stomach on the growth and development of these 
children was of major interest (Fig. 1). The growth of these children has been 
interpolated on to a modification of the Wetzel Grid.^- The curve of N. H. lies 
near the median norm both prior to her lye burn and also during the period 
of esophageal dilatations and gastrostomy feedings. Following her esophageal 
resection, her growth continued to staj^ within tlie area normal for her until 
the second year following surgery, during which time it slowed rather markedly. 
This drop can be accounted for by repeated respiratorj’^ infections and several 
bouts of pneumonia during this period. Since then, however, she has had 
no serious illnesses and her growth curve has return to its previous norm. Today 
there is no evidence of impairment of groivth in this child and the bone age by 
roentgen examination is lilcewise normal. 

M. S. presents a somewhat more complicated problem. His pre-lye burn 
and post-lye burn growth area lies within normal limits. However, following 
his surgery, the curve became subnormal and has remained so, a sign of a 
definite growth impairment. This is substantiated by the fact that his bone age 
is also retarded by 2 years. The cause of this impaired growth is somewhat dif¬ 
ficult to evaluate, since it could be due not only to the effects of the intrathoracic 
stomach, but also to the fact that this child is a severe asthmatic during the 
late summer and fall seasons, which in itself could greatly interfere with his 

normal gi'owth. 
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Ingestion of barium by both patients showed normal peristaltic activity on 
fluoroscopy and complete evacuation of the stomach within 1 hour. It was 
of interest that a rapid emptying time of tijo stomach w'as observed in both 
patients because only a modified pyloroplasty was performed on M. S. and no 
pyloroplasty was done on N. II. Tlic intragastrie pressure studies were per¬ 
formed by having the subject swallow three fine polyethylene tubes, fused to¬ 
gether, which were used to measure pressure from the intrathoracic stomach 
at the diaphragmatic and midtlioracie levels and from the esophagus within the 
ape.v of the chest. Pressures from each tube were recorded simultaneously 
tlirougli Statham strain gauges on a multichannel recorder. A lateral hole 
was made near the distal end of each tube beyond which the tube was filled 



VEABS 

Fig”. 1.—Modified "Wetzel Grid showing growth and development curves (see text). 


with mercury to permit its localization by roentgenography. Recordings were 
made during quiet and deep respirations, coughing, and ivith manual abdominal 


pressure in supine and lateral positions. The negative intrathoracic pressure 
changes were readily transmitted through all three tubes during quiet and deep 
respirations. Each ti7be showed positive pressure waves with coughing. Mod¬ 
erate increase in abdominal pressure by manual compression ivas not reflected 
through the intrathoracic tubes despite the disturbed anatomy at the diaphra"-- 
matie hiatal area from the previous surgery. 'When the ma,ior part of the stom¬ 
ach remains within the abdomen and there is loss of the normal gastroo-sophaveal 
competence as with hiatus hernia or low supradiaphragmatic osophagogastros- 
tomy, the positive upper abdominal (intragastrie) pressure may be.itted 
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to tlie distal esophagus. At irregular intervals, large positive pressure deflec¬ 
tions, apparently from gastric contractions, were recorded from the two intra- 
gasti-ic tubes. 

Careful evaluation of the position and contour of the intrathoracic stom¬ 
ach using barium contrast medium demonstrated that it lay entirely within the 
chest in both children. This organ showed a remai'kable ability to accommodate 
over the years to the new position within the thorax. This is illustrated by 
Fig. 2, which shows a barium study approximately 1 month postoperatively in 
N. H. and a subsequent study 7 years later. The fundus of the stomach, 
which once occupied the entire right chest, now lies as a tubular structure adja¬ 
cent to the mediastinal border. 



A B. 

Pig 2—Barium swallow following high intrathoracic esophagogastrostomy (N H.). A. One 
month postoperative B, Seven years postoperative. Note change in contour of stomach. 

Because of the altered position of the stomach and the surgical section of 
the vagus nerves, studies were done to determine the vagal control of gastric 
secretions and the presence of hydrochloric acid. The two tests used for this 
purpose were the fractional gastric analysis with histamine stimulation of the 
stomach and the Hollander insulin test.-* 

The gastric acidity was determined by the method described by Both and 
Bockus.® This test revealed both children to have free acid and the stomach to 
respond in a normal fashion to histamine stimulation. 

The Hollander test, which was used to determine regeneration of the vagus 
nerves divided at esophagectomy, showed that there was no response to insulin 
induced hypoglycemia in either child. This indicates that there is no vagal con¬ 
trol over the gastric secretion of hydrochloric acid and that, consequently, no 
regeneration of the vagal nerve fibers has occurred. 

Alterations in carbohydrate, fat, and protein absorption have been described 
in the literature following gastrectomy or operative procedures which bypass 
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the stomach. No information, liowever, is available concerning the above-men¬ 
tioned alterations of absorption in children with thoracic stomach. It was our 
desire to see if these metabolic functions were distui-bed b,v the total displace¬ 
ment of the stomach from the abdomen to the chest. 

The response of the blood glucose level to the oral administration of sugar 
was utilized as a measure of earbohj'drate absorption. After ingestion of a 
specified amount of glucose, eapUlarj’ blood sugar levels were tahen at regular 
intervals using tlie method advocated b.v Nelson® and SomogyiV" modifications. 
Botli patients had normal fasting blood sugar levels. Within 30 minutes, there 
was an extremely high hnicrglycemic phase, indicating a surprisingly low tol¬ 
erance or rapid absorption of carbohydrate (Pig. 3). This type of glucose tol¬ 
erance eurve is often present in g.astrectomizcd patients with the so-called 

Glucose rolFRANCE TEST 



“dumping syndrome” and was believed by Glaessner® to be tlie reason for this 
sj'mptom comple.\-. Although tlicse children showed this “dumping syndrome” 
tjpe of glucose tolerance eurs'C, neither child had 003 ' of the S 3 miptoms com¬ 
monly associated with this entity. The extremely early high blood sugar levels 
in these patients are interpreted as being an indication of the rapid and com¬ 
plete transit of the ingested glucose through the stomach, and docs not indicate 
any defect in mticosal absorption. 

Although there is no generally accepted adcciuatc test available for fat ab- 
soiption, the most widely accepted current procedure for a qualitative deter¬ 
mination is the AHtamin A tolerance test. The method used in our study was 
that advocated by Jlay and his colleagues.® Both cliildren had extremely flat 
Vitamin A absorption cuiwes (Pig. 4) which is significant in that this typo of 



124 


JEWETT, GAKBEEKY, AETD ADLEE 


J. Thoracic Surg. 
January, 1959 


curve is noted in most sprue-like syndromes. Since fat metabolism is dependent 
not only on specific enzjTue systems but also on the mechanical efficiency of the 
gastrointestinal tract, it can be postulated that possibly this defect is the result 
of incomplete mixing of food materials due to the rapid evacuation from the 
stomach. 


VJTAMIN A TOLERANCE TEST 



Fig-. 4.—A’itamin A absorption curves (see te.xt). 

GLYCINE ABSORPT/ON TEST 



Fig. 5.—Glrcine absorption curves (see text). 

The ability of the gastroiatestmal tract to absorb protein is best studied 
bv determination of one of the specific amino acids rather than the complex 
protein molecule. The method selected to determine protein absorption was that 
described by Schwartz and co-workers,® in which specific amounts of glycine 
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were iiigosted and the plasma glj'cine content then determined. The results 
of these to.sts are shoum in Fig. 5. Protein absorption is entirely normal in 
both children. 

Electrophoretic dctenninations of the scrum protein fractions were also 
done. All the elements of the scrum protein were within normal limits except 
for an extremely high gamma globulin level noted on both children. The reasons 
for this elevated gamma globulin arc obscui’c and its significance is questionable. 

DISCUSSION 

It is generally agreed by those familiar with the problem that an intra- 
thoracie stomach is poorly tolerated by infants and young children. This 
impression was certainl 5 ' confirmed by the clinical course of our 2 patients 
during their first 2 postoperative years. During this time, the}’ had repeated 
respirator}’ infections and moderate dyspnea following large meals; this latter 
complaint necessitated frequent small meals during the early postoperative 
period. However, these trouhle.somc complications abated after several years. 
The manner in which the stomach compensated for these symptoms could be 
demonstrated by x-ra}’ studies which showed that it changed from a sigmoid¬ 
shaped organ into a straightened tubular structure, thus allowing the lungs 
to have more space in the thoracic cage. While these patients clinically have 
no evidence of respiratory insufficiency, they have vital capacities which are 
below the normal for children of simitar size, age and sox, but their maximum 
breathing capacities arc normal. This is best explained by the space-occupying 
effect of the intrathoraoic stomach. 

Another interesting phenomenon associated with the intrathoracic stomach 
in these 2 eliildren is the rapid emptying time of the stomach, w’hich is demon¬ 
strated by the barium meal and also suggested by the extremely high blood glu¬ 
cose level 30 minutes after inge.stion of glucose. Tins type of curve is charac¬ 
teristically associated witli tlio so-called “dumping syndrome” following gasti'ic 
resection. It was of interest to us, however, that neither of these children had 
any of the common symptoms usually scon with the “dumping .syndrome.” An- 
otlier alteration of metabolism that was noted was a rather flat Vitamin A ab¬ 
sorption curve in both children. The significance of tins is not understood, hut 
it can he stated tliat both children had curves which arc seen in states associated 
witli steatorrhea. Possibly this may he related to the rapid transit through the 
stomaoli wiiieh prevents complete breakdown of food material so that the in¬ 
testinal enzymes do not have the properly prepared material on which to act. 
Altlioiigh food passes rapidly through the stomach, there appear to bo no appar¬ 
ent alterations in peristaltic activity. This was obsen-ed both on fluoroscopic 
examinations and also inferred from the intragastrio manomotrie studies. 

A definite loss of the cardioesopliagcal spincter meehanism was confirmed 
by manometric .studies, as might he expected. However, so far there have been 
no clinical S}’mptoms suggestive of esophagitis, although esophagoscopy is the 
only way definitely to rule this out. It seems less likely that these children 
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will develop esophagitis from gastroesophageal reflux in the future as long as ' 
the stomach continues to empty rapidly and the esophagus is not exposed to 
acid-pepsin secretions. 

The general systemic effects of a thoracic stomach noted by us are somewhat 
difficult to interpret. One patient, N. H., has perfectly normal growth and 
development, as shown both by her Wetzel Grid curve and also by bone develop¬ 
ment. The other child, M. S., has impaired growth both on the Wetzel Grid and 
by bone age. However, this child also has severe allergic asthma, which may 
be a contributing cause of his poor growth and development. 


SUWjMARY 

The studies on these 2 children, now 8 years following high intrathoracic 
esophagogastrostomy for lye strictures, show certain deficiencies previously dis¬ 
cussed. The advantages of relieving the tremendous social and economic burden 
associated vdth repeated dilatations and gastrostomy feedings by gastroesophag¬ 
eal anastomosis are most gratifying. It would appear that an intrathoracic 
stomach can be tolerated with only minor disturbances in metabolic functions. 
Wliether this procedin*e will prove to be a more desirable method when com¬ 
pared with jejunal or colon transplants for re-establishing gastroesophageal 
continuity awaits the test of time. 


REFERENCES 

1. Ferris, B. G., Jr., and Smith, C. W.: Maximum Breathing Capacity and Vital Capacity 

in Female Cliildren and Adolescents, Pediatrics 12: 341, 1953. 

2. Ferris, B. G., Jr., Whittenberger, J. L., and Gallagher, J. B.: Maxinium Breathing 

Capacity and Vital Capacity of Male Cliildren and Adolescents, Pediatrics 9: 659, 
1952. 

3. Glaessner, C. L.; Hypergl 3 -cemie Shock, Bev. Gastroenterol. 7: 528, 1940. 

4. Hollander, F.: Insulin Test for Presence of Ditact Nerve Fibers After Vagal Operations 

for Peptic Ulcer, Gastroenterology 7: 607, 1946. 

5. May, C. D., Blackfan, K. D., McCreary, J. D., and Allen, F. H., Jr.: Clinical Studies of 

Vitamin A in Infants and Cliildren, Am. J. Dis. Child. 59: 1167, 1940. 

6. Nelson, N.; Photometric Adaptation of Somogjd Method for Determination of Glucose, 

J. Biol. Chem. 153: 375, 1944. 

7. Paine, J. R.: Excision of Extensive Lye Strictures of Esophagus, New York J. Med. 

51: 2628, 1951. 

8. Eoth, J. L. A., and Bockus, H. L.: Criteria for Histamine Achlorhydria, Gastroenterology 

15: 374, 1950. 

9. Schwartz, T. B., Robertson, M. C., and Holmes, L. 33.: A Mierodiffusion Method for the 

Determination of Plasma Glycine, J. Lab. & Clin. Med. 46: 657, 1955. 

10. Sonioo^’i, M.: Notes on Sugar Determination, J. Biol. Chem. 195: 19, 1952. 

11. Sweet” B- H.: Subtotal Esophagectomy With High Intrathoracic Esophagogastric Anas¬ 

tomosis in Treatment of Extensive Cicatricial Obliteration of Esophagus, Surg., 
Gynec. & Obst. 83: 417, 1946. 

lo Wetzel' N C • Physical Fitness in Terms of Physique, Development and Basal Metab¬ 
olism, J. A. M. A. 116: 1187, 1941. 



ESOPHAGEAL OBSTRUCTION DUE TO MEDIASTINAL 
GRANULOMA 

Thomas C. Moore, M.D„ Mumie, hid. 


T he production of esophageal obstruction by mediastinal granuloma has 
received scant attention in the literature. Both the rarity of these to.sions 
and the confused state of our knoivledge relative to their pathogenesis have 
contributed to this situation. 


The first recorded instance of opei'ation for esophageal obsti’uotion due 
to a mediastinal granuloma appeared as a case report from tlie Massaohnsotts 
General Hospital in the 'Sew England Journal of Medicine in 1945,® The pa¬ 
tient had been operated upon by Dr. Richard II. Sweet. Only 5 additional oases 
have been recorded up to the present time, 3 of them by Garamclla, Stntzman, 
Varoo, and Jensen.® 

Symptoms of esophageal obstruction were encountered in a minority of tlie 
reported oases of mediastinal granuloma collected from the literature in 1955 
by Garamclla and his associates. Dysphagia had been present in only 6 of the 
39 cases of mediastinal granuloma managed by operation whieh were reviewed 
by them. Other symptoms encountered in some cases of mediastinal granuloma 
included dyspnea, cough, chest pain, odynophagia, and fever. Sixteen of the 39 
patients had been free of symptoms and had been operated upon because the 
existence of a more serious type of mediastinal tumor could not be ruled out. 
Although the number of reported cases is limited, the recording of 16 cases 
of mediastinal granuloma from tlie Mayo Clinic by Kunkel and his associates® 
and the recent report of 12 eases from the National Naval Medical Center at 
Bethesda by Peabody and his associates' would seem to indicate that the oc¬ 
currence of mediastinal granuloma may not be as infrequent as the .scarcitv 
of reported cases might suggest. 

The etiology of the mediastinal granuloma in the majority of the reported 
cases has been obscure. In some of the early reports, the lesions were classified 
as tuberculomas. However, as more cases were recorded, the unsuitability of 
this classification became increasingly' apparent. Tubercle bacilli have seldom 
been identified in these cases and the baetcriologic yield from the culture of 
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these graniolomas has been nniformly negative. In this regard, it is of con¬ 
siderable interest that Peabody and his associates, in their recent report, 
found 5 of 12 mediastinal granulomas to be due to histoplasmosis. They found 
that 2 additional patients had positive skin tests to histoplasmin bnt that the 
granulomas removed from these patients "were histologically negative for 
Histoplasma capsulatuni. 

The purpose of this paper is to report a case of esophageal obstruction 
due to a subcarinal mediastinal granuloma in a 43-year-old woman with symptoms 
of increasing dysphagia and pain. The patient was managed successfully by 
extramueosal resection of the granuloma. A patch of fine-mesh nylon was 
utilized for esophageal support in the area of resection in which only a markedly 
attenuated mucosal remnant remained to cover the lumen of the esophagus. 

CASE REPORT 

The patient, a 43-year'Old white housewife, was admitted to the Ball Memorial Hospital 
on April 27, 1955, because of difficulty with swallowing and recent roentgen demonstration 
(as an outpatient) of esophageal obstruction. She had noticed increasing difficulty with 
swallowing during the 4 weeks prior to her admission to the hospital. Her swallowing 
difficulties were accompauied at times by a feeling of substernal fullness and back pain. 
Initially her troubles were limited to the ingestion of solid foods. However, by the time 
of her admission to the hospital, she was also experiencing difficulty \vith liquids. On April 
16, roentgen study of the esophagus vdth orally ingested bariiim had been carried out. 
A small diverticulum was demonstrated on the right lateral wall of the middle portion of 
the esophagus. The diverticulum measured approximately 1 cm. in diameter and emptied 
readily. About 2 inches below the diverticulum, in the subcarinal area, a nonopaque, 
ovoid filling defect in the esophagus was identified (Fig. 1). Thick barium was retained 
at this level. There was no esophageal dilatation above this area of partial obstruction. 
The mucosal pattern of the esophagus did not apjrear to be disturbed by the obstructing mass. 

The patient had been healthy throughout her life up to the onset of her present illness. 
There was no history of exposure to tuberculosis. The findings on physical examination 
were essentially within normal limits. The admission red blood count was 5.1 million ndth 
16.5 grams of liemoglobin. Her white blood count was 6,200 with a differential count of 2 
per cent eosinophils, 2 per cent basophils, 40 per cent lymphocytes, 9 per cent monocytes, 
and 47 per cent neutrophils. The urine examination was within normal limits. Two days 
following her admission to the hospital, the roentgen study of her esophagus with barium 
was repeated. The findings confirmed the observations made 13 days earlier. There was 
no change in the appearance of the esophageal obstruction. On April 30, esophagoscopy 
was carried out. The lumen of the esophagus appeared to be completely obstructed at the 
approximate level of the radiologically demonstrated obstruction. The esophageal mucosa 
whieli covered the obstructing mass was intact and appeared to be normal. No effort was 
made to biopsy this mass through the intact esophageal mucosa or to thrust the esophagoscope 
past the obstructing mass. On the basis of the esophagoscopic and roentgen findings, a 
tentative diagnosis of benign e.xtramucosal esophageal tumor, most likely leiomyoma, was made. 

On May 2, the patient was taken to the operating room and a right lateral thoracotomy 
was carried out under general, endotracheal anesthesia through the bed of the resected sixth 
rib. The small diverticulum on the right lateral wall of the middle portion of the esophagus 
was identified. In the subcarinal area, between the esophagus and the right main bronchus, 
an oval, almost egg-shaped, mass in the wall of the esophagus was encountered. The mass 
was relatively large in comparison to the size of the esophagus at this level and measured 
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approvmately 3 by 2 cm. The mass was solid and dearly encroached upon tlie lumen of 
the esophagus. A small portion of this tumor was excised for frozen section microscopic 
study. Tho examining pathologist reported that the tissue appeared to be granulomatous 
rather than neoplastic. Tho mass had a ydlowish appearance on section and was of a 
firm consistency. It was easily separated from the adjacent normal tissue from which 
it was sharply demarcated. The mass appeared to have replaced not only tho outer muscular 
layers but a substantial portion of tho submucosa and adjacent inner layers as well. The 
mass was completely removed without entering the lumen of the esophagus. A rather 
large defect m the wall of the esophagus remained. Tliroughout the area of this defect, 
tlie lumen of the esophagus was covered only by a filmj', tissue-paper thin layer of 
epithelium and some adjacent lamina propria remnants. It was apparent this defect in 
the w’all of the esophagus, covered as it was only by a thin membrane, could not bo left 



Pig- 1—^Roentgenogram Illustrating esophageal obstruction by oxtraliimmal mass (.dotted hne). 

w’ltliout additional external support. It was feared that appro-ximation of the remaining 
muscle layers and adjacent submucosa would produce too much constriction in tho esophageal 
lumen at this point. Because of encouraging experience in the laboratory during this 
period wuth tho use of njlon mesh in the support and repair of experimentally created 
abdominal wall defects, the use of nylon mesh to support the esophagus in the area of this 
defect was decided upon.* An oval patch of nylon mesh was sutured to the muscle and 
submucosal layers at the margins of tho defect with multiple interrupted sutures of 4 0 silk. 
The nylon mesh was from the same bolt of material which was used with success in tho 
repair of the abdominal wall defects m tho laboratoiy. It contained 270 by 204 threads 
per square inch. The thoracotomy incision was closed in layers and a catheter which was 
left in tho chest during closure wag aspirated end. withdrawn. 
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On microscopic examination, tlie tumor was found to be a clironic granulomatous mass 
with many histiocytes and small numbers of multinueleated giant cells (Pig. 2). Sudan III 
stain revealed the presence of fat globules in many of the histiocytes. Examination ndth 
both the periodic acid-Schiff stain and the Bauer stain failed to reveal the presence of 
Histoplasma. Tubercle bacilli were not seen. 

The patient did well following operation. Gastric suction was maintained for 3 days 
by means of a nasogastric tube -which had been passed into the stomach at the time of 
operation. Her postoperative course was complicated only by the development of a superficial 
wound abscess which was satisfactorily managed by drainage. She has experienced no 
further difficulty with swallowing in the 3 years which have passed since her operation. 












Fig. 2.—Photomicrograph of a section of the resected mass revealing a rather characteristic 
granulomatous appearance with multinueleated giant cells. 

A recent roentgen study of the esophagus with barium, nearly 3 years following operation, 
showed no evidence of esophageal obstruction, narrowing, or other abnormality. The 
mucosal pattern of the esophagus appeared to be normal throughout. 

Skin testing for sensitivity to tuberculin and histoplasmin was carried out 3 years 
following operation. The patient was found to have a 4 plus reaction to tuberculin and 
a 3 plus reaction to histoplasmin. 


DISCUSSION 

A review of the clinical imdings in the 7 recorded cases of surgically 
managed, symptomatic esophageal obstruction due to mediastinal granuloma, in¬ 
cluding the case recorded here, reveals that all of tlie patients were between 











\ olumc j7 
Number I 


ESOPHAGE^VL OBSTRUCTION 


131 


the ages of 24 and 43 yeais (Table I) Fi^e of the 1 patients neie females 
Dysphagia oeeiiired in all of the patients and nas accompanied bj chest pam oi 
pain on snalloning in all The duration of symptoms langed fiom 3 -neeks to 

1 jear 

Roentgon stiidi of the esophagus uith baiiuin was earned out in 5 patients 
In all of them the locntgen studies wcie interpieted as indicating the piesence 
of an extiinsie, e\tiahiminal mass which was pioduciiig esophageal obstinction 
Dilatation of the esophagus aboie the point of obsti notion was not obseived 
and the mucosa w as found to be intact o\ ei the obstructing mass in aU 5 cases 

Esophagoseopy was earned out in 4 of the 7 patients The obstmction 
was found to be extialuminal and the mucosa intact in all of them No attempts 
weie made to biopsi the obsti acting mass thiough the intact mucosa One 
examination, that repoited by Samson and Dugan,* was complicated bj esophag¬ 
eal peiforation and the deiclopment of a mediastinitis 

Pieopeiatiio shin tests wuth tuberculin and histoplasmm weie obtained in 

2 patients A 1 plus leaetion to tubcicubn and a 2 plus leaction to histo 
plasmm weie obsened m the first case of Garamella and his associates, while 
both leaotions were negatne in then thud case In the case lecoided hcie, 
skin test leaetion to tubeiculm 3 ycais following opoiation was 4 plus and 
that to histoplasmm was 3 plus A few acid fast bacilli could be identified 
in a smeai fiom the loscctod gianuloma in onlj 1 of the 5 patients upon 
whose gianulomas this studv was earned out Cultuie and guinea pig inocula 
tion of mateiial from this gianuloma weie negatnc foi tubeiculosis Cultuie 
and inoculation studies weie negatiie in all 4 of the gianulomas imestigated 
bj these techniques 

The mediastinal location of the granuloma in these cases with esophageal 
obstmction is of considerable interest The granuloma was icpoitcd to bo 
subcaiinal in 5 of the 7 cases In 1 case, the mass was found in the posteiioi 
siipoiioi mediastinum, adlieient to the light side of the tiachea It was located 
between the trachea and the esophagus In the case leport fiom the Massa 
chusetts Geneial Hospital, the only cited localization of the mass, at the 
caiina, was based on the roentgen study In 4 of the cases, the mass was re 
polled at opeiation to be located between the light mam bionohiis and the 
esophagus These findings suggest that a dcgiee of the esophageal obstmction 
in these eases may baie lesulted fiom the tiapping of the esophagus, by the 
expanding giannlomatoiis mass, between the iigid posteiioi chest wall and the 
lelatnelv iigid tiaeheobionchial ticc, with its lesulting compiession The 
mediastinal gianuloma was subcaiinal in 4 of the 39 cases rexaowed by Garamella 
and his associates and esophageal obstmction with djsphagia was found in all 4 

All 7 of the patients were managed bx resection of the granuloma and all 
lecoxeied In 2 of the patients, xepoitcd by Gaiamella and liis associates, an 
unspecified aiea of suhmucosa was left baie bx the leseotion TJiese museiilai 
defects in the esophagus wcie stated to haxe been lepaiied in both cases In 
the case lepoited bx the aiitboi, the granuloma had destrojed not only the 
muscle lax Cl of the esophageal wall but a poitiou of the submucosa and adjacent 
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outei’ mucosal layer as well. Althoiigli the gi'aiuiloma was excised without 
entering the lumen of the esophagus, the mucosal remnant left covering the 
esophageal lumen was much too insubstantial to he left ivithout additional 
support. Because of the size of the defect, it was feared that approximation of 
the adjacent intact walls of the esophagus would produce too much narrowing 
of the lumen of tlie esophagus. The use of a patch of fine-mesh nylon was 
decided upon to provide the needed support because of the successful ex¬ 
perience of the aiitlior and Siderys,® at this time, with this material in the 
experimental repair of abdominal wall detects in animals. The nylon patch 
appeared to have been tolerated well despite the prior presence in the repaired 
area of a granulomatous mass. Becent experimental studies in dogs have shomi 
nylon mesh patches to be tolerated .satisfactorily in the wall of the esophagus.'' 


SUMMARY 

1. The literature pertaining to mediastinal granulomas, cspeeially those 
granulomas whieh produce sjanptomatic esophageal obstruction, is reidcwed. 

2. A ease of esophageal obstruction in a d3-year-old woman with increasing 
dysphagia and pain, due to a subcarinal mediastinal granuloma, is reported. 
The patient was managed sticcessfully by rescetion of the gramtloma and the 
use of a patch of finc-mesh nylon for support in the area of resulting esophageal 
wall wealaiess. 

3. The reported experience in 7 operatively treated cases of sjTnptomatic 
esophageal obstruction, due to mediastinal granuloma, is analyzed. 

4. The dysphagia was found to be accompanied by chest pain or pain on 
swallowing and these symptoms were often of increasing severity. 

5. The mediastinal granulomas whieh produced s.vmptoms of esophageal 
obstruction tended to occur most frequently in the subcarinal area. It is 
surmised that the obstnietiou in these cases may have rcsttitod-from the com¬ 
pressing effect of an expanding granulomatous mass in this relatively unyielding 
area between the rigid posterior chest wall and the somewhat less rigid, but 
structurally firm, tracheobronchial tree. Slcdiastinal granulomas in other 
areas rarely produced symptoms of esophageal obstruction. 

C. The bacteriologie and histologic studies carried out in these cases were 
of little assistance in establishing the pathogenesis of these granulomas. A more 
vigorous search for the possible presence of histoplasmosis, by skin testing and 
special histologic study of the granuloma, is urged in future eases. 

7. In patients with .syunptomatic esophageal obstruction due to an e.xtra- 
luminal mass in the subcarinal area, associated with pain, the diagnosis of 
mediastinal granuloma should be strongly considered. 
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SEGMENTAL RESECTION FOR PULMONARY TUBERCULOSIS 

An Analysis of 335 Cases 

Viking Olov Bjork, M.D,, Upsala, Sweden 

S EOMEXTAL RESECTION, made possible through the advent of aiitimierobial 
therapy, is today an established and accepted procedure in the surgical treat¬ 
ment of piilmonavy tuberculosis. The rate of sputum conveivsion has been found 
to be high and the morbidity and mortality rates are low. One of the greatc.st 
values of segmental resection is its preservation of pulmonary function. 

Patients with a very limited pulmonary function have been accepted for 
segmental resection, c.g., resection of two segments and one .subsegment on the 
oid.v remaining loft lung, following a previous pneumonectomy. Of 335 pa¬ 
tients, 12 are dead and 170 have been restudied. Ninety-one patients ivero 
excluded, as the observation time was less than 1 year. Fifty-eight patients 
have refused re-investigation, mainly because they did not like to have another 
bronehospirometry. Of these, many arc well and working full time but it has 
not been possible to obtain a personal restudy. Four patients fi-om abroad are 
u-ell and working but have not had postoperative lung-function tests. About 
half of the patients (IT per cent) had bilateral tuberculosis. The extent of the 
tuberculosis in the contralateral lung is shown in Table I. Seven patients had 
an open cavity in the contralateral lung. Sixty-ono patients had had a cavity 
in the contralateral lung closed at the time of surgery: in 40 cases by a pneu¬ 
mothorax, in 17 by a thoracopla.sty, and in 4 cases by conservative measures. 
In 17 per cent of the ease.s, it was ncces.sary to do an extrapleural rc.section with 
a decortication of the remaining lung. 

From the Thoracic Surfrical Cifnic, University Hospital, Upsala, Sweden. 

Tills work was aided by The Swedish National Association Against Tuborculofcls. 

Keceivcd for publication June 5, 1958. 
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T.vBi.n I. The Con'ditiox of the ContRiVLAtekal Lung at the Time of Operation 


CONDITION OP THE CONTRALATEILMi LUNG 

NUMBER OF 

CASES 

JToi'mal 

175 

Old pleurisy 

5 

Small infiltiat’oii 

67 

Iiifiltration earlier treated l>y pnevmiothorax 

CaA'itv “closed” bv conservative treatment 

15 

including chemotherapy 

4 

Cavity “closed” by pneumothorax 

40 

Cavity “closed” by thoracoplasty 

17 

Open cavity 

4 

Open cavity under pneumothorax or tlioracoplash' 

3 

Segmental re.«ection 

3 

Decortication and pneumonectomy 

2 

Total 

335 


Age is not in itself a contraindication for segmental resection in caAdtaiy 
tuberculosis. The oldest patient, a 6-1-year-old man, tolerated well a segmental 
resection of the apical segment of the right ivpper lobe and a small thoracoplasty 
in one stage. Five years after operation he is in good condition and has negative 
guinea pig tests of the spntnm and gastric washings. The reason for adding a 
thoracoplasty in this aged patient Avas emphysema and fibrosis of the remaining 
lung. The other 4 patients aliove the age of 60 also survived the operation. 

The postoperative course must be carefully supervised in these older pa¬ 
tients. Perfusion of blood through nonventilated areas of lung will decrease 
the arterial oxygen saturation, causing symptoms of coronary insufficiency. 
"Wlienever there is an insufficient A’entilation in the post opera tiA'e course Avhich 
cannot be immediately improved by more conservative measures, a tracheostomy 
Avith prolonged artificial ventilation should be instituted to guarantee the patient 
a normal oxygen and carbon dioxide tension. 

Eight patients were operated on under the age of 20, the youngest being 
9 years. In 6 of these j'ouug patients, no space-diminishing procedure Avas 
needed. In 1, an extrapleural pneumothorax space Avas developed at the end of 
the resection and filled with air to diminish the intrapleural space after the 
operation. In 1 patient, the diaphragm Avas mobilized around its periphery and 
resutured at a higher level. This latter operation is not recommended for 
general use as it results in impaired lung function. HoAvever, in the young and 
groAAung patients under the age of 20, it may occasionally be the best space- 
diminishing procedure. In the above case, there Avas 25 per cent of oxygen 
uptake on the left side after the procedure. The ventilation, hoAvever, Avas only 
11 per cent. The age and sex disti-ibution are shoAAui in Table IT and Fig. 1. 

The indications for segmental resection are as folloAA'^s: (1) tAiberculous 
cavitation in 314 cases (.94 per cent). (2) bronchiectasis AA'ith positive sputum 
in 5 cases, (3) bronchial stenosis in 2 cases, (4) tAiberculous empyema Avith 
bronchial fistula in 2 cases, and (5) tuberculoma in 12 cases. 

Preoperative Investigation of Pulmonary Function. —The most important 
information of pulmonary function is obtained by a study of all x-ray Rims 
from the beginning of the disease. The maximal movements of each diaphragm 
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Table II Acl and Sen Dibtbibntion in 335 Patients UMiiraoiNO SicmIntm Eesectihn 
I OR PULMONAItN TdBEI-COI OSIS 


AGE 1 

MEN 

1 wroMFN 

1 TOTAL 

0 9 

1 

— 

a 

10 19 

3 

4 

7 

20 29 

33 

42 

75 

30 39 

09 

40 

115 

40 49 

70 

29 

99 

50 59 

28 

5 

33 

60 69 

3 


5 

Totals 

207 

128 

335 


IS also iceouled AVhen a segmental jescction is intended, it is oxtiemoh im 
poitaiit to examino fiontal as well as latcial tomogiains as pointed out bi 
Cbambeilain and KlopstoeK ^ The ina\imal bieathiiig capacitv and on eeitaiii 
indications a bioiichospiiometiv slioiild be peifoiined bcfoie the opeiation 

Cases 

130 p 


I 

100 , 


sol 
BO I 


10 

60 

SO 

40 


30 

20 

10 


10 20 39 <0 50 60 70 

Years of age 

Fig 1—The age distribution m 335 cases of segmental resections for pulnionarj tubeiculosis 

Moifahty —Tn eh e patients died (Pig 2) The opeiativc inoitahtv ivas 1 5 
per cent The cause of deatli in 3 patients was ventiiatoiv itisnfficiencv One 
59 learold woman, with bilateral eavitaiv tnhcicnlosis died 2 da^s aftu opeia 
tion 111 spite of artificial ventilation hv lespiiatoi thiongh a tiachcostomv One 
41-jeai old man had had a tiibeicnloiis cavitv in the light lung ticated bv piicu 
mothora\ for 6 >ears That tieatmcnt had icsiiltcd in a light sided fihiothoiax 
Theie was a 10 yeai histon of cavitaiv tubeiculosis in the left lung treated foi 
5 yeai's by pnenmothoiax Aftei the left sided pncumothoia\ was .ihandoned, 
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there were two cavities, one in the npper lol^e, and one in the superior segment 
of the lower lobe. In this patient, the apieoposterior segment of the left upper 
lobe, as well as the superior segment of the left lower lobe, were resected and at 
the same time an osteoplastic thoracoplasty was performed. Because of the 
thickened pleura over the right lung, the thoracoplasty and the extensive resec¬ 
tion of the left lung, it was necessary to do a tracheostomy on the third day to 
add artificial respiration by respirator. This artificial respiration was needed 
for 8 days, after which the patient made an uneventful recovery. One month 

THE OPERATIVE MORTALITY WAS 1.5% 

Caust of death Surviving time after operation 

Hemorrhage 

Aspiration pneumonia 


Ventilatory 

insufficiency 


Inoculation hepatitis 

Cancer 

Suicidium 
(schizophrenia) 

Rupture of contralateral 
cavity 

Liver cirrhosis 

Unknown 

Cerebral hemorrhage 

Fig-. 2.—The operative mortality was 1.5 per cent (5 cases). There were 7 late deaths. 

after operation a pulmonary edema developed, and he died suddenly. Autopsy 
sliowed lipoid degeneration of the myocardium, and riglit-lieart insufficiency 
with faUnre and stasis. The third patient, who died from ventilatory insuf¬ 
ficiency, was a 38-year-old man who had had a seven-rib thoracoplasty on the 
right side 6 years earlier. A resection of the apieoposterior segment of the left 
upper lobe pins a wedge of left lower lobe was performed for cavitary tuber¬ 
culosis. On the fifteenth day after operation he went into coma and arterial 
puncture showed a carbon dioxide tension of 124 mm. Hg, and an oxygen 
tension of 42 mm. Hg. Tracheostomy was perfoimed but it was too late. Before 
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opeiation, I)lonchospl^onlet^^ slioi\ed a 72 pci cent oxjgen uptake on tlie left 
side Caidiac eatheteii/ation, houeiei, showed a piessuie in the pulmonaii 
aiten of onli 17 mm Ilg, aftci occlusion of the left pulmonan aiteii it lose 
to 32 mm Hg mean picssuic <ind afici oechision of the light main pulmonaii 
aitcn plus woik, the mean picssuic in the pulmonan aiteii lose fuithei to 
dl mm Hg, with a sistolio peak ot 64 That patient had a inaMmal hieathing 
eapaeiti of 46 Ij pel minute pieopciatneli Todai such a patient would haie 
been tieatcd iiumedmteli attei opeiation 1)\ tiachcostomi and hi aitificial 
lentilation foi at least 1 week One patient died tiom hemoiihagc, despite 

13 units of blood hv tiansfiision 

One 30 jeai old patient, who 5 leais eailici had had an extiapleuial pneii 
mothoiax on the loft side foi caiitaij tiiheiciilosis iindeiwent lesectioii of the 
posteiioi segment of the nght iippci lobe Aftei opeiation she lomited and 
died of an aspnation pnoiimonia 

Seieii otliei patients in this senes haic died since opeiation The causes 
of death included eiiiliosis eaiemoma, hepatitis siiieidc ceiehial hemoiihagc 
ind 1 patient died following iiiptiiie of a tiiheiciiloiis caiiti on the light side 

14 months aftei a segmental icsection on the left A 44ieai old man died 2 
icais attci opeiation fiom an niiknown cause 

Comphcntions —Nonfatal complioatioiis oeciiiied in 15 pei cent of eases of 
segmental lebcetion 

1 All Icalagc was the most impoitant eomplioation aftei segmental lesee 
tion and oeeiincd in 10 pei cent of the patients Leakage occiiiied nioie fie 
qiieiitli if eithei a decoitication had hccii done foi an old pneumotlioiav oi if 
theie had been an atipical lesection, eitliei wedge lesection oi suhsegmental 
resection Of these iiaticiits 7 5 pet cent ivcic tieated bj closed diainage 
In 2 5 pei cent it was nectssai-j to add fiirthci siiigcn, le a thoiacoplasti 
in 1 ease a thoiacoplasti with decoitication iii anothei case, and in 2 
eases it was nceessaii to do a icsection with lohcctomj plus chest wall c\tupi 
hon Thcie neie 2 cases of empiema One healed hi closed suction, ni the 
othei patient theie w is a downhill coiiise with piogiession ot disease in both 
lungs 

2 Accidental opening of a tnbeicnious cavity ocouired in 3 cases without 
am late complication 

3 Wound infection was cneoniiteied in 3 cases but healed witli chemo 
tliciapj 

4 Ycntilafoiy insufficiency was cncounteied in 6 cases In 2 patients <1 
tiacheostomi was peitoimed m 4 additional cases, it was neecssaii to add 
aitificial lentilation hi a icspiiatoi This ticatment was continued fiom 1 to 
21 dais 

5 liauma to the hiq vessels In 1 case, an incision was accidentli made 
m the suhclaiian aitoii dining the courec of an osteoplastic thoiacoplast} Tiie 
incision lias closed hi lascnhu snUue In 2 cases the pulmonan aitcn was 
mjiiiod and in hotli cases lepaiied 
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6. Postoperative pain radiating out in the arm -vvas encountered in 1 patient 
^vIlo had liad resection of the apicoposterior and anterior segments of tlie left 
upper lobe pins an osteoplastic roof-thoraeoplasty, leaving the first rib in place. 
Thus, a scalenus anticus syndrome Avas produced and the patient Avas reoperated 
upon half a year later Avith resection of tlie first rib, after AAdiieh tlie symptoms 
disappeared. 

7. Spillover with infiltrations in the contralateral Inng occurred in 1 ease. 
Tracheostomy had to be performed and artificial ventilation AA’ith respirator aa'os 
needed for 3 days, after Avhieh the patient made an Auieventful recovery. 

There Avei-e no postoperath’e complications in 8.5 ner cent of the patients 
undergoing segmental resection for pulmonary tuberculosis. 


6 •/. 

"not cured" 


9A% 

"cured" 



3*A positive direct smear 
3% negative direct smestr 


Fig. S.—i\inety-foiir per cent were considered “cured.*’ Only 3 per cent were positive on direct 

smear. 


RESULTS 

A patient Avas considered "cured” if (1) there aa^s a negatAe guinea pig 
test on gastric Avashing and sputum, as AveU as negative cultures on sputum and 
a negative direct smear, on 3 consecutiA'e daj'S, and (2) no active disease aavis 
found at an x-ray examination. All these criteria Avere fulfilled in 160 patients 
of 170 patients restudied (94 per cent) (Fig. 3). 

Of the 10 patients “not cured,” 4 had a positive direct smear. This Avas 
due to reactivation on the contralateral side in 3 cases, and on the same side 
as the resection in 1 case. Five patients AA^ere uegatiA'e on direct smear, hut had 
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a positno guinea pig test Poui of tliese 11010 i\ 01 King full time, and one 
poifoimcd a half daj’& uoiK Of the 5 paticiith nho had positne guinea pig 
tests on gastiic ii.ishings, 1 had a pneumotlioia\ toi eaiitaii disease on the 
contialateial side, 1 had a contialatoial, cxtiaplciii.il piieumothoiax foi eautaii 
disease, and a thud patient had contialateial calci/ied piilmonaii iiifiltiatioii 
as iiell as hionchiectasis The last patient 111 the gioup of those not citied uas 
negatno on diiect sineai and on guinea pig test of gastiic washings, hut had a 
positne ciiltuie of the sputum She was woiKing tiill time 6 leais aftei opeia 
tion, was fiee of sjinptoms, had .1 noinial sedimentation latc, hut \ lai studies 
showed some infiltiation .it the site of icseetioii 

WORKING CAPACIIV 


92% 

wortiOS Ml lime 


I / wort ng *ha f day * 
i'U not yet worsting 
5/ never able to work 

J’ie- 4 —The HOtkin/r ctpacitj 

Wo)ktny Capacity (Fig 4)—Of 158 “euied” patients, 146, oi 92 pei 
cult, weie woiKing full time 1 1 e .11 aftei the opeiation Mam diffcient pio 
fessions weie lepiesontod, of which hoiisewoik and office woiK weie most tie 
(luenth encounteied Two patients peifoimed a half dai s woiK and 10 did 
not woik at all Of these, G patients neic eonsideied iiimhle to take up woik 
ag.niii Of these, 5 had had extensile bil.itei.il tiiheiciilosis with a nuiximal 
hicathiiig eapaeiti lauing horn 32 h up to 70 L pet minute One had a con 
ti.ilateial pncnmothoiax, 2 had eonti.il.itcial 7 iih thoiacopl.asties, and 1 a 5 nh 
thoiaeoplasti The leiiiaining patient had gone thiough segmental lesoetioii 
without a thoiacopl.isti, hut due to iheiimiitie aithntis in hotli shoiildus she 
was uimhlo to peifoim anj woik at .all 
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The ann movements were recorded and compared in 4 different groups of 
patients (Pig. 5). In a small group of 4 patients who had had a mobilization 
of the diaphragm as a space-diminishing procedure, there were normal arm move¬ 
ments in all. Pain following resection varied with the procedure (Pig. 6). 

In the small group of 4 patients who had mobilization of the diaphragm as 
a space-diminishing procedure there were no complaints of pain. 


ARM movements 


Rcitclion 


without 

{horacopta&ty 


with 

osteoplastic 

thoracoplasty 


with 

nb-restchon 

thoracoplasty 



Fig. 5.—The best cosmetic and functional result regarding the ann movements was 
naturally found in patients undergoing resection -without thoracoplasty. If a thoracoplasty was 
needed, the result was far better if an osteoplastic thoracoplasty was added than if a thoraco¬ 
plasty by rib resection was performed. 


Cough. —Seventy-four per cent of the patients did not have an}" cough at 
the time of restudy. The remaining 26 per cent experienced some instating 
cough, usually called tlie smoker’s cough, or they liad some expectoration in the 
morning. In a few patients, suture granulomas were found around silk stitches, 
which had to be removed through the bronchoscope. In order to avoid this 
complication, it is the author’s policy to use 30-day chromic catgut on atraumatic 
needles for bronchial closure and bronchotracheal anastomosis. This technique 
seems to he especially important in cases of pulmonary tuberculosis. A suture 
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granuloma nia\ cause a positne guinea pjg test uhich tuins negatne aftci 
lemoial of the sutuie These sutuic gjamilomas haie been pioied to contain 
tubeiculous tissue 

Dyspnea-—Eights pei cent of the patients did not feel anj shoitness ot 
bieath Tlie 20 pel cent uho complained of dispiica iicie usiialli oases ot fni 
adiaiicod bilateial disease 


R<s<cl on 

w thoui 
thoraeepliily 


PA»M 

w Ih 

oskopUU c 
thorocoplaify 


with 

rib rcitcllon 
Ihoracoplitly 



Fifi- 6—The mcllence of pain >\as sHRlitI> liipber In the patients IiaxinR an o«tpopla«?tlc 
thoracopln«t> performed 


rnnchonal Bcsults (Pigs S and 9) —AVlicn the mateiial is aiial'/ed in 
01 del to find out the loss of function aftei the laiioiis segmental icsections oiih 
iiiiilateial eases liaie been included It is obiions that paienelijunal and pleiiial 
disease on the coiitialateial side mil giie a false hioiieliospirometiic lesiilt 
Poi instance, 1 patient slioiicd a left sided o\igcn uptake of CO pel cent hefoie 
and )3 pel cent attei lesection of apieopostciioi segments of the left upper 
lobe and an osteoplastic tlioiaeoplastj due to pleiiial disease on the contialateial 
side 
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Wedge resection can be performed witliout any significant loss of function. 
However, even the smallest resection may cause some impairment of function 
due to the fixation of diaphragm following most thoracotomies, in spite of 
breathing exercise. The more anatomic snbsegmental resection is preferable to 
a wedge resection, in order to avoid dividing the drainage bronclius too close to 
the tuberculous lesion. A tuberculous endobronehitis in the divided little 
bronchus once caused infection and a fistula necessitating re-resection. 

If one segment was removed the maximal breathing capacity decreased by 
22 L. to 109 in male patients and by 16 L. to 77 in female patients. 


RESUU 



Fig. 7.—Twenty-six per cent of the patients had cougli at the follow-up and 20 per cent 

were short of breath. 

The maximal breathing capacity diminished 12 L. to 83 L. per minute 
in male patients undergoing resection of one segment with additional thoraco¬ 
plasty. In those patients operated upon on the right side, the diaphragmatic 
movement was on an average 4.8 cm. as compared to 5.7 cm. on the left side. 

Resection of one segment always causes some decrease of function on the 
operated side. When the resection is performed without thoracoplasty only 
a very slight decrease of oxygen uptake and ventilation is encountered. When 
a thoracoplasty is added there is a further decrease in oxygen uptake on the 
operated side although the ventilation remains approximately the same. 

Resection of an additional suhsegment to one segment did not cause any 
further reduction in pulmonary function. 
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Bcscction of 2 segments caused a decrease in tlic maximal breathing capacity 
of 26 L. to an average of 100 L. per minute in men (10 eases) and of 19 I/, to 
97 Ij. per minute in women (3 cases). If an osteoplastic thoracoplasty was 
added to the resection of 2 segments, tliei’e was a decrease of 23 L. to 94 L. 
per minute in men (5 cases). The addition of a thoraeoplastj' u-ith rib resec¬ 
tion in 3 men caused a decrease of 13 L. to 85 L. per minute. 

The maximal diaphragmatic movements after resection of 2 segments on 
the right side was on an average 4.4 em. on the right and 5.8 cm. on the left 
side (8 cases). After a left-sided resection, tlie maximal movements of the 

R1GHT-51DE0 OPERATIOHS 

0,,a«n upUV« _ ArKl vPnlllMion-ol 1>>« "S'" IRno I" 



Fifj 8—DiaBram of t>ie oxjBen uptake and xentilation of the light lung in per cent of 
the total function after segmental resections on the right side The segmental resection 
out thoracoplasty gives hardlj any leduction in ventilation oi ox>gen upt.ike. Combined with 
thoracoplasty there is some reduction of oxjgen uptake as well as of ventilation; however, the 
remaining lung function after these operations has been \er>* good indeed. 

diaphragm wei-e 4.8 cm. on tlic right as compared to 4.0 cm. on the left side (4 
cases). If an osteoplastic thoracoplasty nas added to a right-sided resection 
of 2 segments, tlie diaplu-agmatic excursion was measured to an average of 
.1 9 em. on hotli riglit and left sides in 7 eases In 6 eases of a similar left-sided 
in-oeodure, the right diaphragm moved 5.5 and the left 5.0 em. (6 cases). 
Addition of a thoracoplasty witli rib lesection to resection of 2 sogmeiifs on 
the left side resulted in a movement ol 5 cm. on the right and 3 5 cm. on the 
loft side in 2 cases. 

Tile o.xygcn uptake and veutilatiou are only slightly decreased after resec¬ 
tion of 2 segments. If a tlioraeoplasty was added, cither an ostcojilastic tj^ie 
or by rib resection, a significant decrease in both oxygen uptake and ventilation 
was observed. ..s. 












of th« Ictl lung In % of the total function 
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Reieciion of 3 segments and a tlioiacopIasU caused a deciease in the maxi 
mal hicathing capaeiti of 42 L to 91 L pci minute in 5 eases 

Aftei icsDCtion oi 3 segments iiitli a space diminishing pioeediiie, theio 
«,is a significant deciease of oxigen npt.iKc and lentilation on the opeiatcd 
side Diflfeient space diminishing pioccdiucs did not inflneiice the oxsgen 
uptake, hut the ientihitioii uas most docicased in the patient liasing a mobili/a 
lion of the diaphiagni 

RcsccUon of 4 segments iiitli an osteoplastic thoiacoplasti caused a niaiked 
diop in oxjgen uptake and in lentilation on the opeiated side (Figs 8 and 9) 

SUMM \R1 

An analysis is made of 335 cases of segmental lesection foi pulmoiiais 
tuheienlosis The opeiatne moitalits (niehidmg patients iiith maikcd sen 
tilatois insiiflicienci) Mas 15 pei cent Of the 170 patients folIoMcd fiom 1 
lo 6 jeais, it has heeii giatifving to find 97 pei cent Mith a negatise diiect 
smeai and 94 pci cent uith a negatne cultuie and guinea pig test of sputum 
and gastiic uashings Nuioti tuo pci cent wcie Morking full time The 
incidence of impaiied aim iiioionieiits, pain cough and djspnea is lecoided 
The best cosmetic icsult and best aim moiements ueio obtained Mhen no 
thoiaeoplast-v Mas added The diaphiagm mobilization gn\e the best cosmetic 
hut the Moist functional lesult of the diftcient space diminishing pioceduies 
The osteoplastic thoiacoplastx gaic a bcttei cosmetic lesult and better aim 
moicmeiits Mhen compaied Mith a thoiacoplasts Mith iib lescetion Theie Mas 
a higliei incidence of postopeiatuc pun in the gioiip in mIucIi iih leseetion 
thoiaeoplasts Mas jicifoimed The late functional lesult has been iei\ on 
eouiaging and it has been pimed that segmental icsectioiis can bo peifoimcd 
Mith a minimal loss of function The coiitialateial side has Mithstood the 
lesection sen Mcll 
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AN ANALYSIS OF THE PULMONARY FUNCTION OF NINETY 
PATIENTS FOLLOWING PNEUMONECTOMY FOR 
PULMONARY TUBERCULOSIS 

G. J. 1 ammeling, M.D., and C. D. Laws, ALD.,* Appelscha, The Netherlands 

S INCE it has become evident that special cases of pulmonary tuberculosis 
can be treated adequatelj’ liy pneumonectomy, several authors have pub¬ 
lished data concerning the influence of this operation on pulmonaiy func¬ 
tion.- ^3-^5 

From the functional point of view, the consideration as to whether a 
pneumonectomy is justiflable or not depends on both the results of the pre¬ 
operative function tests and of the expected changes of the function of the 
remaining lung in the early and late postoperative period. An analysis of 
the results of these tests in patients who underwent a pneumonectomy sev¬ 
eral years ago is, therefore, of special importance in determining which 
patients can be treated in the future by pneumonectomy without risks with 
respect to pulmonaiy function. 

From various publications, it is clear that, in most patients, distention of 
the lung tissue in the postoperative period occurs. It could not be proved, 
however, that distention resulted in pulmonary emphysema.®’ ’’’ With 

regard to the interpretation of distention after pneumonectomy, opinions 
differ. 3Iost authors consider distention as an unfavorable condition with 
respect to the pulmonary function.-’ ®’ Cournand® and Birath- and their 

associates regarded pulmonary distention as a condition in which the ven¬ 
tilatory capacity is limited and the respiratory efficiency is reduced. Bien- 
hofi;,“ on the other hand, interpreted distention as a physiologic phenome¬ 
non and regarded any method emiiloyed to impede this dilatation as un¬ 
profitable. 

The iierformanee of a thoracoplasty. Avith the intention of facilitating 
the adaptation of the remaining hmg to the modified intrathoracic condi¬ 
tions. is considered undesirable by most authors."’ Bossier and Biilil- 

mann'^®’ on the contrary, hold the A'iew that the best results are obtained 
by iireventing the distention as much as possible. They state that the com¬ 
bination of pneumonectomy and thoracoplasty (“Deckplastik’') aheays leads 
to a striking increase of the ventilatory economy, ei'en in patients with a 
pre-existing thoracoplasty. 

Beceivetl for publication June 21. 1958. 

•From the Sanatorium "Beatrixoord” at Appelscha. Tlie Netherlands; Director: Prof, 
j Kraan, AI.D. Present address: St. Antonius Hospital, Utrecht, The Netherlands. 
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The puipose of this papci is to discuss the lesiilts of the pulnionaij 
iunctioii tests iii a giottp of 90 ttilieieulous patients at an aieiage peiiod of 
52 months aftei pneumonectoiin and to eonipaie these icsoUs uith those 
published bj othei aiithois 

M vTEni4n 

The patients examined helonged to a jrioup of 12) patients in ■whom 
Eeiland'" and couoikeis peifoimod a pncumoiuctoini foi piilmoiiaiy tubci 
culosis in the jeais botueen 1047 and 19')4 At the time of the followup 
studi, 105 patients ucie .line As of Bicemhei, 195(1 90 patients submitted 
lohintarilj to a follou up stuclj of then pnlmonaf} function The function 
of 4 additional patients u.as studied afti i this date Eleieii patients lefiised 
Of the 90 patients, the functional d.ita lust befoie the piicuinoncctoniy, at 
the time of the dischaigc fiom the hosiutal and those at the time of the 
folloiv'-up stiidi iieie aiailahle The time inteii.il liehiceii opei.ition and 
dischaige langcd fiom 5 to 30 months (mean 11 months), wheieas the time 
betiieen opeiation and folloii up studi langcd fiom 20 to 84 months (mean 
52 months) 

In Table I the age gioiips foi each of the si'xes at the time of the op 
oiation and at the follow up aic gnen The .linage age at the time of the 
pneumoiieotomv was 30 jeais and 8 months, at the follow up 35 leais 


Table I Aoe of Patients Before Pseumonectomi (bi ) and it the Time or Foi low Ui 

Examination (fl) 


ACE OPOUPS 1 

IN YEARS 

1 rtMAIE 1 

1 MATE 

1 lOTAD 

1 BP 

1 ru 1 

1 BP 

1 lU 

1 BP 

1 fU 

15 19 

0 

1 

2 

— 

8 

1 

20 29 

15 

11 

19 

7 

34 

18 

30 39 

21 

24 

20 

24 

41 

48 

•10 49 

o 

7 

4 

10 

G 

17 

50 59 

— 

1 

1 

5 

1 

G 

Totnl 

44 

44 

46 

46 

00 

90 


The fiiml peiiod of treatment picMous to the opeiation aieiaged 59 
months and the moan inteiial between the discoieiy of the tiibeiculosis and 
the pneumonectomy was 103 months In most of the eases, an illness of long 
duration pieceded the opeiation and, in spite of piolongcd bed lost and m ini 
foi ms of diug therapy oi actne treatment, slow piogicssion took place not 
uncommonlr leading to total destiuftion of the tissue of one of the lungs 
In Table II, the loentgonologic status of both the lesectcd and the contia 
lateial lung at the time of pneumouectonii is gnen At the time of the 
follow up, the elinieal status of 87 patients was good while, in 3 e.ises, the 
tubeiculous lesions weie not jet fully euied 

The analysis of the function d.ata of the 90 patients is hampcied In the 
multitude of factoi-s which can be aitne IVe ha\e exploied o of these 
(1) sex, (2) whethoi icmainmg lung is light oi lott, (1) the piesenio ot 
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Table II. The Eoentgexologic Lesioxs ix the Luxgs at the Time of the Pxeumoxectomy 


RESECTED LUXG 

1 CONTRALATERAL LUNG 

TOTAL 

XO 

LESIONS 

I 

1 MINIMAL 

INDURATIVE LESIONS 
) MODERATE | EXTENSIVE 

Destroj-ed 

11 

16 

7 

1 

35 

Bmpj’enia 

6 

4 

4 

3 

17 

Extensive lesions 

9 

10 

4 

— 

23 

iloderate lesions 

4 

6 

3 

_ 

13 

Minimal lesions 

2 

— 

— 

— 

2 

Total 

.32 

.36 

IS 

4 

90 


ah.senee of thoracoplasty, (4) asthmatic symptoms, and (5) diaphragmatic 
paraljms (Table III). 


Table III. Distribetiox of the 90 Patiexts ix Pira Pairs of Factor.s Ixj’leexcixg the 

PULMOXARY FUXCTIOX 


PAIRS OF FACTORS 

1 

1 5 1 

$ 1 

1 Rr 1 

1 Er 1 

Ta 1 

Tp 1 

1 Aa i 

1 Ap 1 

Pa 1 

Pp 

Male patients 

<5 

46 

— 

30 

16 

19 

27 

30 

16 

39 

7 

Female patients 

0 

— 

44 

31 

13 

33 

11 

27 

17 

34 

10 

Remaining right lung 

r\ 

30 

31 

61 

— 

35 

26 

43 

IS 

52 

9 

Remaining left lung 

Lr 

16 

13 

— 

29 

17 

12 

14 

15 

21 

8 

Thoracoplasty absent 

Tp 

19 

33 

35 

17 

52 

— 

33 

19 

35 

17 

Thoracoplasty present 

Ta 

27 

11 

26 

12 

— 

38 

24 

14 

38 

0 

Asthmatic factors absent 

An 

30 

27 

43 

14 

33 

24 

57 

— 

47 

.10 

Asthmatic factors 
present 

Ap 

16 

17 

18 

15 

19 

14 

_ 

33 

26 

7 

Diapliragmatic paralysis 
absent 

Pa 

39 

34 

52 

21 

35 

38 

47 

26 

73 


Diaphragmatic paralysis 
present 

Pp 

7 

10 

9 

S 

17 

0 

10 

7 

— 

17 


Thoracoplasty was not performed in 52 patients (Group I) and was done 
in 38 (Group II). In 27 patients of Group II, the thoracoplasty was per¬ 
formed before the pneumonectomy. In most of these patients, thoracoplasty 
was done because resection therapy was not yet available. Very active forms of 
tuberculo.sis and empyema—Imth frequently combined with drug resistance 
formed the remaining indications. Thoracoplasty before or during the pnen- 
monectomj' was only done for empyema. The extent of the thoracoplasty 
varied from 4 to 10 ribs, as follows: 

Mumber of ribs partly resected _ 4 5 6 7 8 9 10 _ 

Number of patients 12 2 3 7 7 1 6 

In Figs. 1-8, asthmatic patients are pointed out by the use of a seg¬ 
ment of a circle below the circle itself. The distribution of asthmatic pa¬ 
tients in Groirps I and II is almost equal (Table III). 

METHODS 

For the spirometric recordings, the spirometer designed by Dirken and 
Orie* was used.^" All measurements Avere performed Avith the patients in the 
.supine position. The volumes are gNeu at ATPS.f 

^lanufactured bv Lode X. AL. Groningen, The Xetlierlands. 

tAnibient temperature and pressure saturated with water vapor. 
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The vital capacity vas detei mined bj uieasuiiiig the maxinnim volume 
iiispiied aftei a complete expiiation The VC* uas measuied in triplicate 
and the highest \alue ivas legaided to be the best one 

The timed iital capacity in one second «as measuied accoidiiig to the 
teehniqiie of Tiffeneau The TVC was deteimined at least in quadiuplicate 
and the highest laluo obtained nas taken foi the calculations The TVC is 
not only e\pressod as a peieeiitage of the VC—TVC/VC latio—but also as 
a peicentage of the TLC—TVC/TLiC latio—foi a icasoii evplained latei 

The total lung capacitj ivas obtained by adding the lesidual volume to 
the vital eapacitj' 

The maximum bieathiiig eapacitj was measuied at 30 bieaths pel min¬ 
ute This fiequency was indicated bj the examinei In the case of a slight 
difference in that fiequency, the values wcic collected This technique has 
tlie follovnng advantages (a) 30 bieaths per minute is foi most patients the 
optimum bieathiiig fiequonej dining exeieisc (b) the data aie lepioducible 
and have a bettei mutual eompaiabihtv, (c) the PRC dining hjpenentilation 
(MBC) IS accessible to mutual compaiison, and the JIBC can be compared with 
the piedioted MBC, which can be calculated fiom the TVC lij multiplying it 
bj 30 = 30 X TVC) 

Befoie the opoiation and at the time of dischaige of the patients, the 
PRO was measured bj a elosed svstem method At the lesting lespiratory 
level, the patients woie eoiincetcd with a spiiomctci svstem of known volume, 
filled with nearly pine oxjgen Bv mixing this oxvgcn with the gas in the 
lungs, the oxjgen coneontiation in the sjsteni deoieased and the extent of the 
tall IS a measuie foi the volume of the gas in the lungs at the moment of the 
connection to the spiiometel sjstem Dining tlie whole deteimination the 
volume of the lung spiiometei svstem was kept neailv constant bj com¬ 
pensating the oxjgen uptake of the patient Tlie gas analjsis was peifoimed 
bv measuiing coiitinuouslj the cliaiige oi tlie thermal conductivitj of the gases 


•The follouinff abhrex latlons are usetl in this piper 


TLC 
VC 
T^ C 

FltC 

FRCr 

FRC 

RV 

ERV 

MBC 

R^ /TLC 

I-RC/TLC 

TV C/TLC 

T\ CAC 

bp 

ad 

fu 

V Chr 


= total lung capacity In imlllUteris 
= \ltal capacity m milljllters 

= timed iital capacitj or \olunie expired during the forced vital capacitj ma 
neuver in the first second In milliliters 


= functional residual capacitj in minilitcr<< 

= FRC in rest 

= FRC during hMierv entilation 
= residual volume in niilllllter** 

= explratorj reserve volume m mlllJIlters 
= maximum breT-thlng capacvt> in Uter<; 

= ratio of RV to the TLC in per cent 
= ratio of FRC to the TLC in per cent 
=: ratio of TIC to the TLC In per cent 
=r ratio of TVC to the VC In per cent 
= value before the pncumonectom> 

= value at the dHchargc from the sanatorium 
= ^aluc at the time of the follow up studj 
= the \ C of the contralateral lung- before the operation as 
VCip and its bronchospirometrlcall> found percent ige 


calculated from the 
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in the spirometer Ijy means of a cliaferometer.*-" At the follow-np study 
the FRC was measured by an improved closed circuit method using helium— 
2.8 per cent in room air—as an indicator gas.^'-^’ A detailed description of 
this method is given elsewhere.” In only 12 patients was the FRC at the 
follow-up examination determined by the original technique.f Since, in the 
original technique, no correction was made for the nitrogen elimination from 
the blood, tlie values obtained by the modified technique were somewhat 
smaller—about 10 per cent.^^ The values of the FRC are the mean values of 
determinations in duplicate, in such a way that only differences less than 200 
ml. were accepted. 

The FRC during lijqDerventilation—PRC—was obtained by adding the 
change of the expiratory level, which may occur during the performance of 
the ]\IBC, to the FRC in rest—PRC. A i*ise of tlie expiratory level results in an 
increase of the PRC, and a shift of the level to the expiratory side results in a 
decrease in the PRC. 

The residual volume was obtained bj' subtracting the expiratoiy reserve 
volume from the PRC (RV = FRC-ERV). 

Bronchospirometry was performed preoperatively in 61 patients. In 
most cases, the Caiiens catheter and the McKesson double spirometer, filled 
with oxygen, was used. Since 1954, the Lode double spirometer is used. Be¬ 
fore 1950, bronchospirometry was performed with the Zavod catheter. 

The normal values for the VC are calciilated according to Anthony from 
the tables of Harris and Benedict for basal metabolism.^ In the statistical 
treatment of the material, the various standard errors (S.E.) and the correla¬ 
tion coefficient (r) are calculated with the methods indicated by Bradford Hill.® 
If two means or two proportions differed by more than twice the value of the 
standard error of the difference, the difference is said to be "significant.” In 
the instances when it was three times its standard error, it was said to be 
"highly significant.” p = 0.05 is taken as level of significance; Sr = the 
standard error of the correlation coefficient. 


RESULTS 


The Vital Capacity .— 


1. An impression of the changes in the VC as a result of the removal of the 
affected lung is obtained by comparing the VCbp (before pneumonectomy) 
with the VCfu (follow-up). In Fig. 1 the VCbp is plotted against the VCf„ for 
each patient. The points falling at the right of the line VCbp = VCfu indi¬ 
cate patients with a greater VC at the follow-up than before the operation, 
those falling at the left indicate the revei-se situation. In 87 per cent of the 
cases, the VCf„ was smaller than the VCbp. 

2. In the same way, as in Fig. 1, a comparison is made between the VCf,, 
and the VCbr (Fig. 2). In this graph, the data of only 61 patients are given, 


•Manufactured by Kipp N. V., Delft. The Netherlands. 

■‘In 1’ Datient.s, the function tests were performed in the Department of pulmonary dis¬ 
eases of the State University at Groningren. Chief: Prof. N. G. M. One. M.D. 
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owing to the fact that hionchospiioinetrj was not performed befoie the op 
elation in eieiy case In 67 per cent of the patients without a thoracoplasty 
(Gioup I), the exceeded the VCbr, while this oeeuiied in onlj' 29 pei 
cent of the cases witli a thoiaeoplastj (Gioiip II) This difference between 
the two gionps pioied to be statistical!) high!) significant (S E 0131, diifei 
Mice 0 394) Tlie mean values of the A'^Cf,, and tlic A'^Cbr of tliese 61 patients 



600 1000 1500 2000 2500 3000 3500 4000 4500 

Fife 1 —Comparison of the \C btfoic the pneumonectomj Ct,p) an 1 at tlie folIoAA uj 
(VCfu) 

• Patients AAithout a tl oiacopla*it> (Group I) 

O Patients AAlth n thoiacopHstA (Gioup II) 
u Patients aaUIi asthmatic sjmptoins 

ate giion in Table lA’’ These dala suggest tliat tlie deeicase of the A'’C of the 
contraiateial lung in Giou]) II is due niaiiih to the laliics of tlie patients who 
uiideiwent a thoiacoplash altei the pneiimoncctoiiii 

3 In Table A^, tlie 61 patients of Table lA' aio dnided into Ihiee equal 
gioiips, accoidiiig to the extent in which tlie lescotcd lung took pait in the 
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to Antlionyi 
VCbc 
VCr„ 


1,740 

1,970 

2,130 


1,900 

2,060 

1,970 


1,880 

1,990 

1,970 


1,940 

2,210 

1,970 




1 GROUP II 

- -- 


GKOUP I 

1 

THORACOPLASTY BEFORE 

AND AFTER PNEUMONECTOMY 

total 


40 

PERSONS 

21 

PERSONS 

15 PERSONS 
(BEFORE) 

6 PERSONS 
(AFTER) 

61 

' PERSONS 


1,800 

2,000 

2,070 



Fig. 1!.—Comparison of the VC of the remaining lung before the pneumonectomy (VCi.r) 

and at the follow-up (VCoi). 

VCbp. By comparing the percentages of expected and actual loss of the VC 
in these groups, the following conclusions can be drawn; (a) In the group with 
a mean expected loss of 6 per cent, the actual loss was significantly higher 
(p = 0.001). In this group of 21 patients, 11 had a thoracoplasty before or 
during the pneumonectomj’- and, in 3 patients, a thoracoplastj^ was performed 
after the pneumonectomy, (b) In the group in which tlie participation of the 
resected lung ranged between 15 and 26 per cent, the expected loss corresponds 
with the actual loss, (c) In the group with the mean expected loss of 34 per 
cent, the actual loss is significantly smaller (p = 0.01). In the latter two 
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Tablb V. TiiE Kei-atiok Between the Mean Expected Loss (VCbp - VCbr) anp the Me.\n 
Actual Loss (VCtp - VCfu) 


Piff. 3—Comparison of the RV as a percenteire of the TLC before the pntvv.>vinectom\ 
TLCiip) and at the folfow-up (RV/TLCtu) 


y/ic licsidua} Voluvie .-— 

An alteration of tlie }{V/TLC ratio can be due to a change in the JJ'- 
change of the VC, or an aiterafion of both volumes mentioned, 

■ WTVE- 

In order to get an impression of the changes occurring after 
tomy, the RI /TLC,„ ratio for each patient is compared mith ‘ " 

and the /TLCad ratio; the EVf» \rith fhA 7?!^ 
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1. In Pig. 3, the RV/TLCb,> ratio is plotted against the EV/TLCfu ratio 
loi 63 patients; in 27 patients no EV/TLCbp I’atio was available. Prom the 
distribution of the points, the following conclnsions can be derived; (a) in 
92 per cent of the cases, the EV/TLCf,. ratio is greater than the KV/TIjC,,,, 
ratio, and (b) before the pnenmonectoinj’-, the difference between tlie mean 
RV/TLC ratios of both groups is statistieallj’^ significant (p = 0.01). The same 



5 10 15 20 25 30 35 40 45 50 55 60 “/o 

Fig. 4.—Comparison of the RV as a percentage of the TL.C at the time of discliarge from the 
sanatorium (RV/TLCad) and at the foilow-up (RV/TL.Ctu). 

holds true for the mean ratios at the follow-up (p = 0.04). The change of 
the mean RV/TLC ratio caused by the resection is in both groups of the same 
proportion and proved to be statistically significant (Group I, p = 0.01; Group 
II, p = 0.03). The mean values are given in Table VII. 

2. The change of the EV/TLC ratio in the period between the discharge 
from the hospital and the follow-up exajninalion is given in Pig. 4. Tlie dis¬ 
tribution of the points in this figure .shows an increase of the EV/TLC ratio 
in 65 per cent of the cases, equally distributed over the two groups. From this 
it is concluded tlial the difference between the EV/TLC ratios for Groups I 
and II did not change significantls’ following discharge from the hospital 
(p = 0.3). 
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3 Since the mcio.isc of tlic EV/TLC latio can ho due both to an nicic.ise 
of the EV and to a dccicase oi (he VC, it is iietcssaij to stwE the changes of 
tlie absolute RV c allies In h'lg 5, tlic eliangcs of tlio alisolute \ allies of the 
RV, before and aftei pncinnonectoinj, aic gneii In 70 ]iei coiil of tlie cases, 
etiiially distiibuted oiei the two gioups, an niciease of the RV was found 
Consequetitlv, the niciease of the RV/TLC latio aitei pneuinoneetoinv was, 
tor the gieatei pait of tlie cases, not onh due to a deciease of the iital capacitj 
(Pig 1) but also to an ineieasc of the residual loliimc 



0 500 1000 1500 2000 2500 0000 

I jfiT 5 —Comparison of the RV In mlllfhters befoie the pneumonectoin\ (RVbi ) and at the 

follow np (RVf ) 


4 The iiici casing age of tlic patients must be taken into account in ludgiiig 
the change of the RV/TLC ratio in the postopeiatiic peiiod The aiciage nitoi- 
\al between the dischaigc from the sanatorium and the follow-np examination 
amounts to 41 months Within this period, the mean RV/TLC latio of 
Gioup I changed fioin 31 to 34 per cent and that of Gioiip II fiom 37 to 40 
pel cent It is iinpiobahlc that these diffcieiiees can he explained hi the slight 
niciease in ago 

Renewing these data, the coiicUision can he diawn that m both gioups the 
niciease of the RV/TLC latio dining the flist II months aftei the piieumoiiei- 
tomi (Peiiod hp/ad) is niaiiih due to a deciease of the VC, while the RV is icl 
atiich constant In the peiiod ol about 41 months aftci the d ' 'ge 
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ad/fii), the increase of the RV/TLG ratio is due to an increase of the RV, while 

the VC is almost constant. This phenomenon is graphically deraon.strated in 
Fig. 6. 



Fig. 6.—Comparison of the VC in milliliters, RV in milliliter and the RV/TLC ratio, before 
pneumonectomy (bp), at discharge (ad), and at follow-up (fu). 

The Functional Besidual Capacity .— 

The FRC at rest and during liyperventilation, before the pneumonec¬ 
tomy and at the follow-up examination, is related to the ERV (PRC - RV) 
and to the shift of the expiratory level during maximal hyperventilation 
(Table VI). Some remarkable differences between the patients tvithout 
(Croup I) and with a thoracoplasty (Group II) were found; (a) In Group I 
the RV increased significantly (p = O.OI) in the period bp/fu, while the ERV 
was constant. In Group II, on the contrary, the significant increase of the 
RV (p = 0.04) was coupled with a comparable significant decrease of the 
ERV (p = 0.02). (b) During hj'perventilation, 1\'IBC, hardly a rise of the 




Volume 37 
Number 2 


PUUIONAKY FUNCTION APTEH PNEUSIONECTOliy 


159 


expiratoiy level ooourrcd in Group I, while before the pneumonectomy this 
shift was highly significant (p = 0.005). In Group II, the shift of the e.x- 
piratorj- level was evident both before and after the pneumonectomy. 


TABtE VI. The SOBMVISIONS or TUE FRC at Be.ST (FEC') A.VD DUKIXG llYrERVENTILATIOX 
(FECI>) IN MlI,LtI.ITEE.S 


1 





■■■ 

SHIFT OF THE 


POINT 1 





EXPIRATORY 


OF TIME 1 

RV 

ERV 



LEVEL 

Group I 

bp 


■KSUBI 



+ 310 

fu 


510 



+ 60 

Group II 

bp 


530 


1,980 

+ 380 

fu 

hbk 




Total 

bp 

950 

520 

1,470 

1,840 

+ 370 


fu 

1,110 

390 

1,500 

1,680 

+ 180 


The Timed Vital Capacity .—■ 

Generally, the TVC is expressed in relation to the VC— TVC/YC ratio. 
In our material it beeame evident that, in both groups of patients, the ratios 
before the pneumonectomy and those at the follow-up were equal (Table VII)— 
the TVe decreased in the same measure as the VC. moreover, it could be 
proved from the TVC curves that the maximum volume of gas, expired in every 
space of time within one second, was diminished in proportion to the alteration 
of the VO. The question ari.se.s, however, as to whether or not the constancy 
of the TVC/VC ratio means that the pulmonary function with regard to the 
TVC changed only quantitativcli'. When performing the TVC, the expiratory 
forces do not act upon a gas volume that equals the VC, but upon a volume 
equivalent with the TGC. Therefore, it seemed more reasonable to express the 
TVC in relation to the TLC (TVC/TLC ratio). By calculating the TVC/TLC 
ratio before the pneumonectomy and at the follow-up, a statistically significant 
difference between both values (Group I, p = 0.04; Group 11, p = 0.0.5) could 
be shown (Table VTI). The differences between the TVC/TBC ratios of both 
groups before the operation as well as at the follow-up study proved to be 
.significant (pi,„ = 0.004; p,„ = 0.005). 


Tabee VII. The Mean Vabues or the EV/TUC, TVC/VC, and the TVC/TLC Ratios and 
THE JIBC IN Patients With and Without a Thosacopeastv in Addition to a 
Pned,monectomt 



POINT OF 1 
TIME ! 

RV/TLC 

TVe/VG 

TVC/Tf.C 


1 actual 

{ PREMCTED 

Group I 

bp 

25 


51 

49 

51 


fu 

34 

G6 

44 

39 

41 

Group rr 

I'P 

30 

GO 

42 

44 

44 


fu 

40 

Cl 

37 

3-t 

36 


The Maximum Breathing Capacity .— 

In both Groups I and II, there was a significant decrease of the JtBC in 
the period between the pneumonectomy and the follow-up (Group I, p = 0.005; 
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Gioup II, p 0.003. Tlie relation bet'weeii the actual and the predicted value 
of the MBC was a very close one (r = 0.978; Sr = 0.100) (Table VII). 

T7ie Relation Between the TVC and the BY. _ 

In order to get an impression about the relation between tlie TVC/TLC 
and the RV/TLC ratios in the patients at the time of the follow-up, the corre¬ 
lation diagram for these data is constructed (Fig. 7). There is a definite nega¬ 
tive correlation between the RV/TLC and the TVC/TLC ratio (r = -0.816; 


% 



Fig". 7.—Relation between the RV/TRC ratio and the TVC/TLC ratio at the follow-up ex- 

amination. 


Sr 0.036) and this correlation proved to be far better than that between the 
formerl 3 ^ used TVC/VO and the RV/TLC ratio (r = -0.458; Sr = 0.084) (Fig. 
8). Since in Fig. 7 both tlio RV and tlie TVC arc related to the TLC, a good 
correlation between the absolute values of the RV and TVC is present too. The 
amount of gas that maxiinall.v can be expired in the first second after a maximal 
inspiration is eviclenth* correlated to the residual volume in patients without 
and with a thoracoplast 3 % in addition to a pneumonectom.v. As could be ex¬ 
pected, nearly all patients of the asthmatic group are localized in the left part 
of the diagram. 

COXCLUSIOXS AND DISCUSSION 

By surveying the literature on pulnionaiw function in patients who under¬ 
went a pneumonectomy, it is evident that the character of the data published 
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mnkes a comparison difficult lor one or more of the following reasons: the time 
interval between pneumoneetomy and follow-iij) is short, the data and conclu¬ 
sions concern small groups of patients, the data are incomplete or arc only 
given as relative figures, the methods used differ in some extent, and the data 
concern nonhomogeneou.s groups ns to the underlying diseases. 

Prom the data reported in this i)aper the following conclusions can he 
drawn: 

(a) As a result of the elimination of the vital capacity of the diseased 
lung by pneumoneetomy, the VCt„ is significantly smaller than the VCi,,, 
(Pig. 1). As for the whole material, jio diUTerence could be found between the 
VC of the contralateral lung before the operation and the VC at the follow-up 



to t5 2a 25 30 35 40 45 50 55 60 65 70 75 80 85 90 V« 

PifT S.—Rcl.-itlon between tlie RV/TUC ratio and the Tve/VC ratio at the follow-up examln.-i- 

tlon. 


study (Pig. 2), If, however, the material is divided into patients without 
(Group I) and with a thoracoplasty (Group II), a significant difference in thi.s- 
re.spect could be demonstrated between the two groups (Table IV). In Group 
I, the VC of the remaining lung was slightly increased in the period bp/fii; 
in Group II, on the contrary, tlic A''C of the contralateral lung was decreased 
in that period. This decrease proved to be due mainly to the data of the pa¬ 
tients who underwent their thoracoplasty after the pneumonectomy. There¬ 
fore, it seemed likely that thoracoplasties have an unfavorable influence on the 
vital capacity of the remaining lung. From the data of Table V, it is evident 
that the condition of the contralateral lung before the pnonmoneetoiny aficl the 
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adaptability of this lung after the operation also accounts for a difference be¬ 
tween the VCbr and the VCfu- An increase of the VC of the remaining lung 
after the operation was found only when the participation of the resected 
lung in the total pulmonary function was relatively great (27 to 45 per cent). 
If, on the contrary, the function of the diseased lung was small (15 to 26 per 
cent), the remaining lung was apparently already partly adapted to the 
pathologic intrathoracic conditions before the operation and no change of the 
VC of that lung occurred. In the group wherein the participation of the re¬ 
sected lung in the VC ranged from 0 to 14 per cent, the difference between the 
expected loss and the actual loss was partlj^ due to the influence of the 
thoracoplasty. 

(b) The absolute values of the residual volume before the pneumonectomy 
and at the discharge from the hospital are about the same (Fig. 6), From this 
and from the fact that the RV of the diseased lung is eliminated by pneumonec¬ 
tomy it is evident that the EV of the remaining lung has increased after the 
operation; this holds true for both groups. The extent of the increase of the 
RV of the remaining lung could not be measured, because the unilateral de¬ 
termination of the RV was not yet at our disposal at that time. In the period 
between the discharge and the follow-up studies, an increase in the RV of the 
remaining lung was found, both in patients with and without a thoracoplasty 
(Fig. 6). So, in our material, an increase of the RV could not be prevented by 
a thoracoplasty. 

(c) The TLC of the remaining lung in the postoperative period is gradu¬ 
ally increased and this increase is for the greater part dne to the change of the 
residual volume (Fig. 6). If the increase of the TLC is a measure of the dis¬ 
tention of the remaining lung tissue, the distention was in most of the cases 
not serious and was not prevented l^y thoracoplasty. 

(d) Many investigators have shown that, after pneumonectomy, the 

RV/TLC ratio, compared with the normal calculated ratio, was in¬ 
creased.^’ Hirdes and Bosch,® on the other hand, found that in pa¬ 

tients who underwent a pneumonectomy Avithout a thoracoplasty, a decrease 
of the RV/TLC ratio occurred. From their data, it can be calculated that 
the absolute value of the RV did not change but that the decrease of the 
RV/TLC ratio was only a relative one due to the increase of the VC. In our 
material, the increase of the RV/TLC ratio was due mainly to a decrease of the 
VC as a consequence of the resection and later on preponderantly to an increase 
of the RV of the remaining lung. This holds true whether thoracoplasty was 
performed or not. In our material, the change of the RV/TLC ratio cannot 
be explained by the aging of the patients. In Group II, the RV/TLC ratio 
Avas significantly greater than in Group I, both before and after the pneumonec¬ 
tomy (Table VII). It could not be proved, but it seemed likely, that this dif¬ 
ference is caused preponderantly by the presence of the thoracoplasty. 

(e) Althoiigh the RV/TLC ratios of both groups differed at the time of 
the folloAA"-up study, the FRC/TLCf,, ratios AA’ere almost equal (Table VI). 
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Tins due to a diffeience of the EKVfo of both gioups Dm nig InTieiven 
tilation, on the contiaiv, the FRCVTDCfu ratio of Bioiip II differed signifi 
eanth fiom the PEC/TLCtu of Gioup I These findings suggest that, in lost, 
the efficienci of the lentilation in both gioups iias almost equal iihile, diuing 
h 3 pei\eiitilation, the lentilation ot the patients uith a thoiacoplasty iias less 
efficient 

(f) Most of the authois found the TVC/TC latio uiiehanged aftei pneii 
moneetomj That means that the TVC changed in the same piopoitioii as the 
VC In oui tMO groups, the TVC/VC ratios iveie identical befoie the opeia 
tion and at the follow up studi Doi judging the expiiatoij eapacitj, how 
evei, the TVC/TLC latio pimtd to be a far bettci oiiteiioii than the 'FYC/VC 
latio, because the changes of the BV aic now taken into account In both 
gioups of patients, a significant diffeience between the TTC/TLCcp and 
TVC/TLC/u latios was piesont Tins diffeience points to the fact that a qiiali 
tatno loss of the pubiionai'j function lealh oeeuiied in both gioups Moie 
over, it could be pioied that the evpnatoij capaciti of patients wuth a 
thoiaeoplastj was sigiiifieanth worse than tint of the patients without a 
thoracoplasty 

(g) Van Veen and niidcs'’ found a latliei good negative corielation be 
tween the TVC/I^'C and the EV/TLC latio in a laige number of patients with 
out asthmatic sjmptoms in seveial lung diseases In our mateiial, an evident 
negative coirelation between the TVC/TLC and the EV/TLC ratio was 
demonstrable, even when patients with asthmatic svniptoms vvoie included 

Piom the data of this papei, it is concluded that thoiacoplasty neither 
prevented distention noi inoicased the efficieiicj of ventilation oi the e\ 
piiatorj capacity Tins is in agieciiient with the findings of Gacnslei and 
Stiiedci ' 

Whether, at the tune of the follow up stiidj, the leinaniing lung was in a 
stabilized condition oi if, in addition to tlie aging piocess, piogressive changes 
were taking place could not be established In oidei to gain aiiv fuitlior in 
sight into the fate ot the lemaining lung, it is of utmost impoitance to make 
lepeated examinations of the pulmonaiv function at legulai inteivals 

The conclusions drawn in this paper aie based on the functional data of 
a relative nonbomogeneous group of patients Although the icsults aie based 
on the data of a relative laige mmibcr of patients the leliabilitv of the con¬ 
clusions IS onlv relative, because it is extiemclv difficult to take into account 
all factors influencing pulinonarv function 

SUM VI vnv 

1 The lesults ot the pulmonaiv function tests in 00 patients who undei 
went pncuiiionectomj foi pulinonarv tubeiculosis aic piesented The data at 
the time of the follow-up stiidv (avciage of 52 months aftei the opeiation) aie 
compared with those obtained before the piieiimonectomj and with the data 
ot the piilmoiiaij function 11 months aftei the opeiation The patients aie 
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divided into two groups: those without a thoracoplasty (Group I) and those 
who underwent a thoracoplasty before, during, or after the pneumonectomv 
(Group II). 

2. The vital capacity showed a significant decrease after pueiunonectomy, 
which corresponded well with the expected loss, as could be calculated from 
the bronchospirometrie data. The presence of a thoracoplasty, as well as the 
quantity of functioning lung tissue removed, influenced the VC of the remain¬ 
ing lung at the follow-up study. 

3. The absolute value of tlie residual volume was not changed by the op¬ 
eration as judged by the early postoperative study. At the time of the late 
follow-up study, the RV had increased in both those with and without a 
thoracoplasty. In the period between the pneumonectomy and the discharge 
from the hospital, the increase of the RV/TLC ratio u'as due mainly to a de¬ 
crease of the VC, whereas the RV was unchanged. In the period after the 
discharge, the further rise of the RV/TLC ratio oeciirred because of an in¬ 
crease of the RV in the face of a nearly stable VC. The enlargement of the 
RV/TLC ratio is not explainable by age changes alone. 

4. The functional residual caiutcity at rest showed no significant dif¬ 
ference in the two groups. This was not true for their subdivisions—RV and 
ERV. During maximal hyperventilation (MBC), the PRC showed a signifi¬ 
cant increase in Group II, while in Group I a rise of the expiratory level could 
hardly be demonstrated. 

5. The timed vital capacity in relation to the VC (TVC/VC ratio) was 
unaffected by pneumonectomy. The TVC/TLC ratio proved to be a better 
criterion for judging the changes of the expiratory capacity than the TVC/T^C 
ratio. The pneumonectomy caused a significant change in the TVC/TLC 
ratio in both groups of patients. 

6. A clear negative correlation between the RV and the TVC could be 
demonstrated both in patients with and without a thoracoplasty. 

7. The presence of a thoracoplasty in patients who underwent a pneu¬ 
monectomy proved to have no preventive influence on the distention of the 
remaining lung tissue and affected the efficiency of the pulmonary function 
in an unfavorable way. 

Tile authors wish to thank Dr. Edward W. Swenson for critical review of this manuscript. 
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THE PATTERNS AND DYNAMICS OF TRACHEOBRONCHIAL 
DEFORMITY IN PULMONARY TUBERCULOSIS 

G. A. P. Hurleyj F.R.C.S.(C), and D. Todosljczuk, M.D., Montreal, Quebec 


M any conditions of disease in which the process of healing results in de¬ 
formity of structure with great impairment of function are well recog¬ 
nized. Such instances as the stenosed mitral valve after acute rheumatism, 
the obstructed duodenum after peptic ulcer, the grotesque appearance after 
facial burns, and the old rigid thick-walled tuberculous cavity resisting 
closure, come to mind. In these, what might be called “errors of healing,” 
the process of scar I’eplaeement and the ever-present tendency of scar tis¬ 
sue to contract, are the governing factors. It is as if the healing process 
overshoots the mark, and instead of restoring the status quo ante, actually 
brings about new and important disability. 

These errors of healing are well exemplified in disease of the hollou'- 
organs and passages of the body. In the case of the tracheobronchial pas¬ 
sages, healing errors are extremely frequent, and result not only from in¬ 
trinsic disease of the air passages themselves, but also from disease of the 
pulmonary parenchyma to Avhich they provide access. They are particularls’’ 
prevalent in pulmonaiy tuberculosis, a disease Avhich, by reason of its 
long duration and great destructive power, causes the most serious de¬ 
formities of the bronchopulmonary system. 

It should be emphasized that much of this tracheobronchial deformation 
cannot be detected in the routine x-ray studies of the chest, and can only 
be exposed by bronchography. It is only in the past few years that bron¬ 
chography has become freely used in pulmonary tuberculosis, because of real 
or imagined dangers due to the effects of the heavy iodized oils, and their 
undesirably prolonged staining of the chest roentgenogram. The advent 
of the water-soluble, rapid-clearing broncho graphic media, such as dionosil, 
has made bronchography in pulmonary tuberculosis practical and safe. 
Indeed, it might be said that bronchography now should be just as impor¬ 
tant a part of ease evaluation before surgery in pulmonary tuberculosis as 
it has so long been in bronchiectasis. "With the modern precise resection 
techniques, a careful mapping of the bronchpulnionary system is essential 
so that diseased segments can be removed and healthy segments preserved. 

From The Royal Edward Laurentian Hospital. Ste. Agathe des Monts., P. Q., and the 
Grace Cart Hospital, Montreal, P. Q. 
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In recent years, almost every case of pnlmonaiy tiiberonlosis coming 
for surgical oonferenoe from the Royal Edward Laurentian Hospital, Ste. 
Agathe, and the Grace Dart Hospital, Ufontreal, has been subjected to 
bronchography. Some four hundred of these bronchograms have been re¬ 
viewed, and this essay is an attempt to classify, correlate and, to some ex¬ 
tent, explain the patterns of deformity found. 

It should bo pointed out, to begin rvith, that scoondaiy bronchietasis, 
although frequent, is not a constant sequel to pulmonary tuberculosis, even 
extensive pulmonary tuberculosis. Of the cases studied, bronchiectasis was 
found in approximately 50 per cent. With regard to extent of disease, 55 
per cent of the whole group were in the moderately-advanced, and 35 per 
cent in the far-advanced group. 

In general, deformities of the tracheobronchial passages may be classified 
as (1) enlargement or dilatation of the lumen (bronchiectasis), (2) reduction 
or obliteration of the lumen (stricture), (3) abnonnal curvature, and (4) ab¬ 
normal angulation. 


Table I. FonR-HOKDREi> Broschookams 


Duration of Tulmonary Tuberculosis 

1. Longer than 2 years 

196 

49% 

2. Shorter than 2 years 

204 

51% 

Total 

400 

100% 

Extent of Tiilmonaiy Tuberculosis 

1. Hinimal disease 

39 

9.75% 

2. Modoratoly-advanced disease 

220 

55.00% 

3, Far-advanced disease 

141 

35.25% 

Total 

400 

100.00% 


Table II. Bioiit Loko Disease 



Norma! 

65 

21.81% 

1 . 

Bronchograms of the right Jung Abnormal 

233 

79.19% 



298 

100.00% 

2. 

Bronchiectasis and shrinkage of RUL 

147 

49.33% of total or 



63.097e> of ab¬ 
normal 

Bronchiectasis without shrinkage of RUL 

3. 

4 

1.71% of abnormal 

4. 

Shrinkage without bronchiectasis of BUL 

oo 

9.44% of abnormal 

5. 

Upward deviation of BUL bronchus 

27 

11.59% of abnormal 

0. 

Abnormal angulation of right main-stem bronchus 

7 

3.00% of abnormal 

7. 

Cavity present at the time of bronclvogrami 

14 

6.00% of abnormal 


Tracheobronchial alterations may occur in different combinations and 
degrees, varjdng from mild, limited, or localized types, to exten.sive, gen¬ 
eralized deformity. For example, abnormal curvature of the trachea, con- 
ve.x to the side of the lesion, with secondary bronchiectasis of a diseased 
upper lobe is a very frequent combination (Fig, 1). Less frequently, stric¬ 
ture or obliteration of a lobar bronchus with atelectasis and/or bronchiecta¬ 
sis of the lobe is .seen. 

The most interesting and important alterations in pulmonary tuber¬ 
culosis, however, are found as part of a general deformation of the tracheo¬ 
bronchial .skeleton, due to marked upward traetir . ^^ 4 of the hilar 

structures (Fig. 2). ' ’ ~ 
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It is well known that shrinkage of the diseased upper lung with elevation 
of the hilus is a common finding in pulmonary tuberculosis. Indeed, it has 
been generally i-egarded as a somewhat desirable thing, in that it implies or 



Pis'. 1. 



Pig. 2. 
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Table III. Left Lung Disease 


1. Broncliogrmus of the loft lung 

2. Bronchiectasis and shrinkage of LIJL 

3. Broncliietasis without shrinkage 


Normal 61 

Abnoniial 181 


Total 


25.20% 

74.80% 


242 

131 

1 


100 . 00 % 

54.13% of total or 
72.38% of ab 
normal 


4. Shrinkage without bronchiectasis 

5. Abnormal curvature of the left main-stem 

bronchus and abnormal angulation, junction 
left main-stem bronchus and left louer 
lobe bronchus 

G. Cavity present at time of bronchogram 


0 

81 61,83% of diseased 

LUL; 44.75% of 
abnormal 

19 10.05% of abnormal 



Fiff 3 


Piff 


•1. 


is thought to inipiy souiul fibrous healing of the lesion. Not enough atten¬ 
tion has been paid, however, to tiie deleterious eft’eet on fuuetion of this 
upward pull on the hilus. This is no mere local .shrinkage of organs, but 
a serious struetural change of the bronehopulmonaiy alignment on the side 
in question or, in the case of bilateral disea.se, of the whole hronehopnlmonary 
framework. So serious can this be that the ultimate result of an original 
lesion of the upper one third of the left lung, for c.xamplc, may be virtually 
complete functional loss of the entire left Inng, the upper lung being de¬ 
stroyed by tuberculosis and bronchiectasis, and tlie lower lung by emphysema 
(Pigs. 3 and 4). 

Such a condition is e.xemplificd in Pig. 3. The bronchogram shown in 
Pig. 4, of the same case, illustiates the typical deformity re.sulting from up¬ 
ward traction displacement of the left hilus. The abnormal eurvatni'e of the 
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left main-stem bronchus with pooling of the radiopaque liquid, and the ab¬ 
normal angulation at the junction of the left main-stem and left lower lobe 
bronchus are the important features. 

Due to anatomic differences as between the right and left sides, the 
effect of upward traction displacement is not as serious on the right as 
on the left, because the lower lung on the right is not so vulnerable. 

This is explained by reference to certain differences in the anatomy of 
the bronchopulmonary system as between the right and left sides (Pigs. 
5 and 6). The left main-stem bronchus is much longer and it lies much more 
horizontally than the right main stem. Furthermore, it passes immediately 
beneath the arch of the aorta. If one regards both main stems as the arms of 
a lever (Fig. 5) with the fulcrum at the earina, it is clear that a relatively 
slight upward pull on the long left arm will have an equal effect to a much 
stronger pull on the short right arm. 



Fig. 5. Fig. 6. 


Hence, to begin with, upward traction displacement of the hilus is al¬ 
ways more pronounced, and thus more serious on the left side. Normally, 
there is a gentle curving of the medial wall of the left main stem as it runs 
into the left lower lobe bronchus. When the left hilus is pulled up, the long 
left main stem winds itself around the arch of the aorta, into an abnormal 
curve, concave upward, and what was originally a gentle curve at the junc¬ 
tion of the left main-stem and the left lower lobe bronchus now becomes an 
abnormal angle, which in long-standing cases may be as acute as 50 degrees. 
In the gi'oup under review, this angle varied between 50 and 130 degrees. 
This abnormal angulation obviously changes greatly the luminal axis of the 
left bronchial tree, and has a pronounced disturbing effect on its function. 

In addition to the bronchus, all the structures of the hilus are involved 
in tliis change. The left pulmonary artery normally lies at first in front of 
the left main-stem bronchus, then winds up over the main stem before this 
branches into the upper and lower lobe bronchi. The artery then hooks 
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around, as it were, behind the upper lobe bronciiial arborization to emerge 
underneath it, and finally comes to lie in front of the lower lobe bronchus. 
When the left upper lobe arborization is pulled up, the artery is shai’ply 
Idnlced at the point where it crosses above the main stem and induction in 
lumen with reduced blood flow to the left lower lobe occurs. Fig. 7 is a 
demonstration at autopsy of such an occurrence. Note the marked reduction 
in caliber of the pulmonary artery to the left lower lobe. 

On the right side, a different picture presents itself. Here, because of 
the short, relatively vertical main stem, the upward displacement is prac¬ 
tically confined to the more horizontal right upper lobe bronehus, which be¬ 
comes more or less sharply angulatcd upward to lie more in the axis of the 
trachea. This is usually accompanied by bronchiectasis of the right upper 
lobe. A further stage of the deformity, and a typical occurrence on the right 
side, is obliteration of the lumen of the right upper lobe bronchus, the right 



FIs-. I. 


upper lobe itself coming to lie, a shrunken atelectatic remnant, against the 
mediastinum (Pig. 8). This is reminiscent of the well-known middle lobe 
.syndrome. 

In a few instances of long-standing disease with great shrinkage of the 
right upper lobe, we have found a slight degree of upward displacement of 
the right main stem, but this is unusual and never to the same extent as on 
the left side. Furthermore, there is no tendency toward curvature on the 
right because the small compressible azygos vein does not offer the same re¬ 
sistance as the large thick-walled aorta on the left. 

It should bo noted here, therefore, that the ultimate effect of upward 
traction displacement on the right side is exerted on the right upper lobar 
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hihis, Avhile on the left side it is exerted on the entire pnlmonary hilns. This 
may explain the greater vulnerability of the left lung and the fact that the 
riglit lower and middle lobes are not so liable to become emphysematous. 

The effects of these changes in lumen and alignment are, we believe, re¬ 
sponsible for profound disturbances of function. The first and perhaps the 
most obvious effect is fixation or relative fixation of the hilar area by this 
strong upward pull acting as a taut guy rope on the hilar bronchial branch¬ 
ing. Thus, the normal up and domi movement of the liiius on expiration and 
inspiration, respectively, is greatly hindered or prevented. This is apt to re¬ 
strict ventilation to a marked degree, since it acts in direct opposition to the 
normal downward pull of the diaphragm. In this way, it hinders the easy 
domiwai'd expansion of the pai’enchyma, as the bronchial tree moves down¬ 
ward and to some extent imvard on inspiration. 



Another ob-vfious effect is impaired gas exchange, due to reduction in 
lumen of the left pulmonaiy artery, and hence lessened blood supply, par¬ 
ticularly to the left lower lobe. Incidentally, some observers believe that 
emphysema can develop as a direct result of reduced pulmonary arterj’’ blood 
flow. The effects of stimulation due to traction on the elements of the hilar 
nerve plexus could be significant, Init the importance of this can only be 
guessed at. 

Probablj' the most far-reaching effects, however, are due to the altered 
caliber and alignment of the air passages with resulting changes in tlie 
djmaraics of bronchopulmonaiy air flow. Currents of gas like rays of light 
tend to travel in straight lines. When a current of air comes up against an 
obstruction or partial obstruction in a bronchial passage, such as a stricture 
or a sharp angulation, or a pronounced curve, there is hindrance to air flow. 
The result of this is deflection of the stream, secondary currents and eddies, 



\'oluitic 37 
Number 2 


tuacheobhonchial deformity 


17a 


and perliaps most important, reverse currents of flow. In quiet respiration 
this may not interfere too much with function. In deep forcible breathing, 
however, there may be eonsiclerable disturbance and this is first and chiefly 
felt in interference with air exit. In a raarltcdly impaired lumen, there is 
also interference with air entry, but the first distuibanoe is difficulty in 
emptying rather than filling the lungs. The normal dilatation of the bronchial 
passages on inspiration, and their corresponding contraction on expiration 
accentuates the obstructive eflect of abnormal angulation or stricture, par¬ 
ticularly with respect to air exit. The ultimate effect is the phenomenon 
known as “air trapping.” 

The most extreme conditions of air flow occur in cough, and particu¬ 
larly in forcible, violent, prolonged and repeated cough, and under these 
conditions the most intense disturbance of bronchopulmonary dj’namics is 
apt to occur. Reverse currents of air flow, now become reverse shock waves, 
and instead of simple aii' trapping, there occurs a powerful abnormal back¬ 
ward thrust on the trails of the distal bi-onchi and alveoli, 

Kahn has estimated that in a particular phase of cough the air is travel¬ 
ing at speeds in the realm of 200 to 300 miles per hour. Bock has reported 
air flow rates of 12 L. per second at the month, at the moment of glottic 
opening in cough, and says that the air speeds reached liorc are sometimes 
higher than the speed of sound, namely, 732 miles per hour. Book also re¬ 
ports that daring tlie glottic closure phase of cough, the intrathoracic pres¬ 
sure in nomnal subjects ranges between SO and 110 mm. Hg, while in pa¬ 
tients with hronohopulmonary disease, the pre.ssni’c may he increased over 120 
mm, Hg. We have measured the intrabroiichial pressures during eongh, and 
in forcible cough have registered pressures as Iiigh as 180 mm. Hg in the 
lower lobe bronchi. These figures give an idea of the magnitude of the foj'oes 
that are operative in the bro)ieliopulmoiiary s.vstem during cough. It is un¬ 
derstandable, tlierofore, that a i) 0 .ssi))lc result of the long-continncd action 
of these forces may be collap.se or blow out of the walls of bronchi or alveoli, 
encouraging or causing, in the one case, bronchiectasis and, in the other, 
emphysema. The association of eniph.vsema with the congh-prodneing pro¬ 
pensities of chronic bronchitis, and of hronehieetnsis with a histoty of whoop¬ 
ing cough in childhood is. perhaps, significant. 

Not enough emphasis, we believe, has been placed on violent uncontrolled 
cough as an injurious factor leading to extensive lung destruction. In pa¬ 
tients with lung disease, cough is apt to be more prevalent and forcible in 
order to get rid of abnormal secretions or because of mucosal irritation. 
Again, if the bronchial passage is deformed, it heeomos more difficult to move 
secretions through it. Jforeover, people differ ^viclely with ro.spect to tlie con- 
troi which flicy exercise over the function of cough. Coughing, like scratch¬ 
ing, is a physiologic moehanism de.signed to remove an irritant to a body 
surface. It is always available, but is intended to be used only when needed, 
and tlien nicely graded to tlie extent of the need. One cough, like one scratch, 
borrows anotlier, and nneontrolled coughing or scratching can rc.snit in serious 
damage to the structures acted upon. , ' 
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Table V. Right Upper Lobe SYNBBOiiE 


Stage 1 

1. Abnormal angulation or partial occlusion riglit upper lobe bronefius 

2. Bronchiectasis, right upper lobe. 

Stage S 

1. Marked abuornial angulation and complete or almost complete 

occlusion right upper lobo bronchus 

2. Atelectasis, right upper lobe___ 


Sur^lMAHY 

We believe the most .significant finding of this study is the evidence point¬ 
ing to the imdosirable effects of upward displacement of the hilns, particu¬ 
larly on the left side, in chronic pulmonary tuberculosis This points up the 
need for vigilance, especially in tuberculosis of the left upper lobe, to an¬ 
ticipate and if possible prevent the destructive effects of this displacement. 



Fiir 9 Fig 10 


What are the chances for preventing or interrupting siieh a development? 

Prevention is obviously best served l)y prompt treatment of tlie tuber¬ 
culosis in order to diminish the amount of contracting .sear ti.ssiie. We sus¬ 
pect also that the reduction or elimination of useless forcible cough is im¬ 
portant. 

In order to interrupt the deforming procass, it would soom as if the only 
logical way of proceeding would he to remove the confraeting mas.s of fiI)rous 
tissue in the left upper lung as soon as it is observed to he causing aI)normaI 
euiTature of tlic left main-stem hionchus, and abnormal angulation at the 
.iunetion of the loft main stem and left lower lobe bronchi. This would be a 
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new indication for removing an ai-ea of disease, even apparently healed dis¬ 
ease in the left upper lung. In cases in which, for some reason, resection of 
the left upper lung is not practical, an alternative might be found in upper 
thoracoplasty with apieolysis, pushing the contracting mass down to the level 
of the hilus where its upward pull is neutralized. 

When deformity is already far advanced and the left lung syndrome well 
established, there is less hope for useful remedial measures. However (Figs. 
9 and 10) in some cases of this kind, resection of the left upper lobe Avith 
upper thoracoplasty does seem to correct, at least in part, the abnormal curva¬ 
tures and angulation, and in this Avay tend to interrupt the harmful series of 
events leading to loss of function of the left lower lobe. 

The authors wish to acknowledge the kind cooperation of the Medical Director and 
staffs of the Royal Edward Laurentian Hospital and the Grace Dart Hospital. 



THE SURGICAL TREATMENT OF AORTIC INSUFFICIENCY 
BY CONVERSION OF THE TRICUSPID AORTIC VALVE 
TO A BICUSPID VALVE 

Chronic Experimental Studies 

Joseph J Gaiamellit, /\I D , P/j D ,* James G Aii'tciseii, AI D , Reuben 
Oi opeza, Al D, Angelo Veloso, Al D, and R Naidii, Al D, 

AUnneapolis, Alinn 

I N PREMOUS comiminieations,* ■■ a method of aoitic lalMilopIastj 'Has desciibod 
for the suigical tieatinent of aoitic insuffieiency Tlie method consists of 
total excision of the noneoionaii aoitic cusp nith a eoiiosponding tiiangulai 
segment of the base of the aoita (Pig 1) By sutme lepair, the noimal 


fll 


vcfv 

-^Coronarij 

^ B ,k( 

*''^Not1 Cenfltiaru 
Cusp 

Tricuspid 
Aortic Valv(5 



Wedqc Excision 
of Aorto 



Non Coronofij 
Cusp Removed 



Fip 1—Con\cr<tion of tric«*«pld Tortic vahe to bicuspid >alNe 


Prom the Jaj Phillips I^boraton Mount Sinai Hospital Almneapolls Minn and De 
partnient of Surj,crj Umversits of Minnesota Minneapolis 

Supported bj U S Public Health Grant ^o H 2610 (c) and Cardiac Re«earch Committee 
Minneapolis Minn and Coronary Disease Research Piind University of Minnesota jllnne 
apolis 

Receded for publication Juh S 19 b8 

•Pnsont n Idress Meiicii Bl !>, Minneap lis Mmn 


177 



178 GAEAMELLA, ANDEESEN, OEOPEZA, VELOSO, NAIDU J. Thoracic Surg. 

February, 1959 



Fig. 2.—An autopsy specimen from a patient dying of aortic regurgitation sliows the in- 
sufBcient aortic valve viewed from above and posteriorly. Note the distortion, thickening, and 
shortening of the aortic cusps. The central defect causing aortic regurgitation is evident. The 
loss of cusp substance precludes complete coaptation. Dilatation of the aortic ring is not a 
conspicuous feature of this specimen. 

Fig. 3.—Insufficient aortic valve viewed from below, the ventricular side, showing the 
central defect causing regurgitation. A partial rim of calcification is noted. 

Fig. 4.—The incompetent aortic valve seen in Figs. 4 and 5 is viewed from above following 
plastic revision with total excision of the noncoronary aortic cusp. The valve is now bi¬ 
cuspid. The circumference has been reduced by one third. The two remaining coronarj 
cusps appear to coapt well. The left coronary ostium is visualized to the left. 
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tricuspid aortic valve is converted to a bicuspid valve and the aortic eircum- 
feience is reduced by one third. In effect, a severe degree of aortie insufficiency 
is produced and then suigically corrected by the vahuiloplasty. Operative 
proceduies vere performed under direct vision with cardiac bypa.ss employing 
an extraeoipoieal pnmp-o.\ygenator and elective cardiac arrest. 

Short-term animal survival studies were described as well as functional 
evaluation in terms of pre- and postoperatit c arterial pulse pattenis, trans- 
ventricular and systemic pressuie deteiminations, and rctiograde aoitography. 



B 


Pig 5— A, The incompetent aortic •xaUe seen In Figs 4 and '> Is \Ie\ted from beJow, 
ventricular side following plastic revj^iion The noncoronarj aortic cusp has been excised 
The newly formed bicuspid \aZvc appears to coapt well. Sutures In the line of repair are 
evident 

S, The aortic valve again viewed from the ventricular aide The noncoronary aortic 
cusp remains in situ while the aortic wall has been reduced by one third The resultant co¬ 
aptation appears less effective than In A, the noncoronarv cusp seerninglj herniating below 
the coronarj' cusps 

Phases of S 3 ’stole were measured. No significant degiecs of aortic stenosis nor 
aortic insnfficienc.v were found in sun-h-ing animals Pathologic studies as 
evidenced in Figs 2, 3, 4, 54, 6 support the clinical application of the principle. 

Accordinglj', it was felt that functional studies in chronic surilval animals 
Mould be of interest and valuable and these form the basis of this report. 
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MATERIALS AND METHODS 

Eleven chronic survivors with surgically produced bicuspid aortic valves 
were studied 26 to 405 days postoperative. The animals were anesthetized with 
intravenous Surital (thiainylal sodium), 75-100 mg. A No. 18 gauge needle 
was inserted percvxtaneously into the femoral artery. A No. 13 to 15 gauge 
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li'ig- h —Con\ersion of tricuspid aortic ^al\e to bicuspid valve. Anal>sis of femoral pulse 
contours Chionic studies 26-317 dajs postoperative 

Table I. Conversion of Tricuspid Aortic Valve to Bicuspid Valve 
Chronic Studies 26-317 Days Postoperative 


ANIMAL 

NO. 

DAYS 

POSTOP. 

1 DICROTIC j 
FEMORAL 

1 CURTO 1 

B.F. 1 

(FEMORAL) 1 

PULSE PR. 1 

(femoral) ! 

MAXIMAL 
EJECTION I 
PERIOD 

REDUCED 1 
EJECTION 1 
PERIOD 

TOTAL 

SYSTOLE 

1182 

317 

+ 

155/85 


0.08 

0.16 

0.24 



+ 


85 

0.08 

0.14 

0.22 

1199 


+ 

200/110 


0.08 

0.14 

0.22 

1217 

289 

+ 



0.08 

0.12 

0 20 

1193 

282 

+ 

150/105 

45 

0.06 

0.10 

0.16 

1231 

2-2 

_ 


55 

0.06 

Absent Dicrotic JNoten 


259 

+ 

200/100 


0.06 


u.us 
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35 

0.06 

0.12 

0.18 

1358 

167 

+ 


75 

0.06 


0.22 

1359 

26 


85/55 


0.06 


0.18 

A 1 O 

1372 


+ 


55 

0.06 


U.lo 
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needle av as passed pei cutaneously into the left i enti iclc at the point of maMmal 
impulse, usually the fifth intei costal iiitcispace A poljetlnlcnc cathetei of 
appiopiiate size ivas tliieaded tliioiigh this needle into the lontncle and then 
through the bicuspid aoitio lahe into the ceiitial aoita Piopei connections 
iveic made to Statham stiain gauges P23A and a Sinboin Poh A''iso lecordei 
with recoiding speed of 25 mm pei second 


RESULTS 

Analjsos oi femoiil aiten pulse cuiies (Table I and Pig 6) show the 
piesence of diciotic notches in ten of clcien studies Scieial annuals shoued 
bioadened pulse piessuies Significant alteiations in the duiation ot sistolic 
ejection phases uere not found 

Continuous piessuie reeoidmgs fiom the eential aoita to the left lentiiele 
(Table II and Pig 7) slioii a iniiioi sistolic giadient in 4 animals End diastolic 
pressuies ueie slightlj eleiated in 2 animals 


Tvdle II CoMirsios or niicusrm Aortic Vauf to Bicuspid Vaite 
Cestpai Aortic am* Eeft Vemtipuiak Ppessukis 
Chiovic Stciiifs 80 405 Dais PosTOPFiciTnE 



POSTOP 

pressure um Hg 

1 CFNTRAL1 
1 AORTA 

LETT 1 

ventricle] 

SYSTOLIC 1 
AORTIC \ALVE | 
ORAPIENT , 

END DIAS 1 CENTRAL 
TOLIC left aortic 
^ENTRICLE| PULSE 

t aiEAN 

central I LETT 

1 AORTA 1 VENTPIOLE 


insM 

125/100 

125/0 13 

0 

0 13 

25 

115 

55 

1181 

344 

135/100 

135/0 

0 

05 

35 

100 

83 

1199 

344 

100/75 

140/0 

40 

0 

25 

90 

55 

1217 

374 

125/95 

125/5 

0 

5 

30 

100 

45 

1193 

321 

no/75 

120/-5 

10 

-5 

35 

100 

65 

1231 

317 

100/80 

135/0 15 

35 

0 15 

20 

90 

50 

123S 

317 

110/85 

125/0 

15 

0 

25 

85 

50 

1330 

211 

80/45 

80/0 5 

0 

05 

40 

55 

33 

1358 

221 

160/130 

165/0 

5 

0 

30 

135 

100 

1359 

80 

100/80 

95/0 5 

-5 

0 5 

20 

90 

50 

13712 

114 

115/90 

115/0 

0 

0 

25 

105 

50 


Smee the completion of these studies (90+ days) the animals continue to 
be uell, displaying normal actmties foi caged subjects 

DISCUSSION 

Acute and chronic studies demoiistiate that dogs tolerate phstic loiision 
of the aoitic tiieuspid lahe to a bicuspid lahc Pathologic studies as sliouii 
in the manuscript siippoit the fcasibiliti of this concept and method foi 
ebnieil application in the snigical treatment of aoitic insuffieiencj JIoic 
leeent studies bj us, emplojing Indiaiilic and einepliotogiaphic studies as 
deseiibed by JIcMillan,® show that (1), at least in iheumatic aoitic lahulai 
insufficieiicj, the iioncoioiiai-} aoitic cusp appeals to interfeie with the eoap 
titioii of all thiec cusps and accoidinglj eoiitnbutes to the pathogenesis of 
the leguigitatioii, and (2) the icconstuicted bicuspid aoitic -valve in the snmo 
diseased speeinieiis coopts lemaihabl} -ncll and iniimni/es legurgititiou 
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SUMMARY 

1. A method oi! aortic vaivuloplasty, conversion ot‘ tlio tricuspid aortic 
valve to a bicuspid valve, is described for the surgical treatment of aortic 
insufficiency. 

2. Chronic experimental studies demonstrate the canine tolerance for the 
procedure. 

3. Pathologic and cinephotographic studies support the clinical application 
of tlie concept and method. 
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HYPOTHERMIC ANALGESIA FOR OPEN HEART SURGERY 
WITH THE HEART-LUNG MACHINE 


William W. Miisicant, M.D., Reube)} R. Lewis, M.D., CM., Belmont S. 
Musicant, Al.D., Robert M. Anderson, M.D., and Jerome Harold 
Kay, Ai.D., Los Angeles, Calif. 

E xtracorporeal cii'culatiou is an accepted technique nsed to facilitate and 
make possible the sxirgical correction of fox-merly incurable congenital and ac¬ 
quired cardiovascular lesionsd This surgical advent has brought about certain 
exigencies in the field of anesthesia about which little has been reported. In 
the studies that have been made and reported of anesthesia during extracorporeal 
circulation^ the use of depressant anesthetics and hypnotics is advocated be¬ 
fore and during the period of cardiopulmonary bypass.- Patients requiring 
extracorporeal circulation for correction of disease imxst be classed as "poor 
risk" and therefore do not tolerate depressant drugs or hypoxia very well. 
Light planes of anesthesia frequently prodxxce arrhythmias and persistence to 
deeper planes many end disastrously. To facilitate sxirgical intervention in 
sxich patients, the xxse of anesthetic adjxxncts, such as mxiscle relaxants,® hypo- 
thei’mia,^ analgesic planes of potent anesthetics,® and hypnosis® has come into 
x'Ogxie. All of these have finite salxxtary attribxxtes and these effects have 
been incorporated into one techniqxxe and xxtilized dxiring the various stages of 
anj’’ one operation. Sxich a combined technique most closeU approximates the 
"ideal" of the perfect anesthetic for these “poor risk" patients. It must be 
remembered, however, that one of the most critical periods of open heart 
surgery is that of cardiopxilmonary bypass. It is dxiring this period that paucity 
of drug effect is most desirable. With that end in xdew, an analgesic level of 
hypothennia xvas postulated. It was felt that such a state xvoxild obviate the 
use of depressant drugs in order to maintain satisfactoiy opei’ating conditions 
during bypass. 

In 1950, Bigelow and associates" pointed out that animals cooled below 
28° C. entered a state of “cold narcosis" dxiring which an anesthetic agent xvas 
no longer necessary for maintaining unconsciousness and relaxation. In 1950, 
lIcQiiiston® shoxved that surgical correction of congenital heart conditions is 
more safely performed with the patient’s temperature reduced. 

From the Department of Surgery of the University of Southern California School of 
Medicine, Saint AUncent’s Hospital, California Hospital Babies and Children’s Clinic. DOs 
Angeles, ^Calif. 

Aided by a grant from The American Heart Association. 

Received for publication June 5, 1958. 
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Unfler hj’portieimica, adienal stiess leaetions aieboth loducecl and dela^ed, 
eTiid patients wlio are opoiated on uiulei those conditions do not demonstiate 
the usual retention of natci and salt dm mg the eaily postopeiatne peiiod” 
Moderate livpotliermia (30° 32° C ) loncis cerebral inctabolism from 75 to 40 
pel cent'” Virtue" has stated that nitli a icdiiced ceieliial metabolic rate, a 
smaller amount of aiiestlietie is lequncd to obtain surgical anesthesia Ven- 
tiieular fibrillation is nioie difficult to treat in the hvpotheimie state and at 
esophageal tempeintuies of 28° C oi below, \cntiiculai fibrillation is moie apt 
to occur Reccnth, e\pei imciital cridenee has been accumulating that the 
eliolmomimetie agent, sueeiinlcholine, not onh has fine muscle relaxing qualities 
but also blocks the eardine effects of srmpatlietic and paiasimpathetic stimula 
tion by depolarization " 

Two methods of pioducing Inpothciniia aie now being emploied” The 
most fieqiieiith used method consists of surface cooling The patient is first 
anesthetized and then immeised iii an lee watci bath oi emeied with ice bags 
The othei method consists of utilizing extiaeoipoical ciiculation to produce 
Inpothoimia zk method of open hcait suigeir uti'izing extiaeoipoioal eircnla 
tioii and pioducing analgesic leiel ot hipotheimm has been emploied and 
found to be most satisfaefon 

'UFTHODS 

The ICar Anderson pump oxrgenatoi*■ (Fig 1) was usrd foi all of those 
operations The apparatus is opciatcd In one pci son and is capable of oxtgeiiat 
ing and pumping G L oi iiioie of blood pci minute Jletabolic acidosis does 
not oeoiii duiing eaidiopulmonan In pass Nine units of blood aie used in the 
apparatus during the pioceduie The blood is oxrgenated In blowing 10 L 
of 97 5 per cent oxrgeii and 2 5 pci cent caibon dioxide across the filming 
screens Dining the procednie the aoitic piessuic is iiioiiitoied and maintained 
at a relatneh normal mean piessuie The clcctiocaidiogiam is also monitoied 
A theimocouplc lead is placed in the lowci thud of the esophagus foi constant 
tcmpcratuie readings Blood roluine studies aic done before and after surgery 
The blood used in the machine is appioxiniatch 5 horns old and is placed in a 
w.rtoi bath at 38° C 1 horn pnoi to filling the pump oxj gcnatoi How- 
crer, the ox.rgenatoi, which is made ot stainless steel, is not wanned piioi to 
adding the blood oi during hj pass This aceounts foi the sustained In potheimia 
until the end of cudiopulmonair hr pass 

In oidci to aroid ani possible deleterious effect on the cardiorasculai sjs 
tern, no pieopeiatire medication is gnen Crclopiopane .and/or ethei is used 
for all inductions The joungei patients are induced with open crclopiopane 
and the older patients with a closed circle sistcm Following induction rcnoris 
cutdowns aie peifoiaiied zVftei tracheal intubation, all patients aic put on a 
scmielosed srstem emploring iiitioiis oxide and oxrgen and aio gnen a slow con¬ 
tinuous drip of succimIcholinc (Aiicctine) The thoracotoinv incision is made 
by one team while a scpni.ito team isolates both fcmoial aiteiies After the 
fcmoi.al lessels aio isolated, this team completes the opening of the loft chest, 

^ •Constructed Corco Incorporated 10418 'Venice Poulexartl I os Ankeles 34 r *•— 

Dr Ka 3 and Dr Anderson 
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while the othei’ team completes the opening of the right chest. As soon as both 
sides of the chest are entered, manually controlled respiration is instituted and 
maintained until the chest is closed again. As soon as extracorporeal circulation 
is started and during the intracardiae repair, the drip rate of succinyleholine 
(Anectine) is doubled. A mixture of 40 per cent oxygen and 60 per cent 
helium is used to inflate the lungs gently 5 to 10 times per minute during 
bypass. This is done to ensure adequate oxygenation of alveolar epithelium^^ 
and to prevent unresolvable atelectasis. 



Fig. 1.—^The Kay-Atiderson autoclavable stainless steel heart-lung machine 

Immediately upon going on bypass, there is a sudden drop in body tempera¬ 
ture as measured by the esophageal lead (Fig. 2). This drop continues for tlie 
next 3 minutes and levels off after 2 more minutes between 31° and 31.5° C. 
This temperature is sustained during the entire time that extracorporeal circula¬ 
tion is maintained. During this time, no attempt is made to introduce any 
anesthetic drug other than to keep all striated muscle paralyzed vdth sueeinyl- 
eholine. Upon completion of bjqDass, the succinyleholine drip is completely 
discontinued and 50 per cent nitrous oxide and 50 per cent oxygen is started. 
This mixture is maintained until completion of the surgery. Following cardio¬ 
pulmonary bypass, no other drug or agent is required to keep the patient 
anesthetized. Also, during this period, the temperature gradually rises (Fig. 
2) and at the end of surgery is only 1° to 2° C. below normal. No attempt is 
made to warm the patients artificially. At the completion of the operation and 
upon discontinuance of the nitrous oxide, all of the patients are awake. 
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RESULTS 

Fifteen patients imdeiivent suigical coiieetion of then eaidiac defeets 
using this technique (Table I) and all reacted identiealh, with one exception 
This patient had a piolonged sueeinyleholine effect He was aiiake at the end 
of suigeiy, houeici, he lequiied assisted rcspiiations foi about 30 minutes 
postoperatii ely 

In spite of the fact that pioopeiatiic diiing agents iieic not used, lespiia 
toiv seeietions ■ueio not a pioblcni The usual eaidiae slowing, seen undei 
hjpothciinia, was not cneountcied in anj of the cases 


On brput 
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Ijff 2 —Time Tempenture Chart Case 1 —on c<l^t^^opulllJon'»^^ b>pass 32 minutes 

The tjpes of suigeij and the ages of the patients aio shown in Table I 
With the exception of Case 4, all patients did exticmeh well postopoiativeh 
Case 4 died IS horns aftei siugen Although piecaiitions weie taken in an 
attempt to pieient caidiac tamponade, a thick clot foimcd aiound the beait and 
piodiiced eaidiac tamponade The patient w.is aleit until shoitl} befoie death 
Neciopsj leiealed the tamponade and excellent closiue of the mteiatiial and 
intcnentnciilai septal defeets Since then the pencaidial sac has not been 
closed 

The length of time ot bipass laiied fiom 16 minutes to 42 minutes Caieful 
questioning of all patients iciealcd that no one had anj lecollcction ot am 
pait of the suigeij All patients icmembcied going to sleep and the ^ouiign 
patients lemembcied onh the stouts fliti wcic told dining the induction 

COIIJIEXT 

In planning this anesthetie tcthniqiic, diugs tint might haic a doletciious 
effect on the nnocaidium weic aioidcd Bi waiming the hcpaiini/ed blood to 
38° C piioi to hlling the niaehiiie, .iiid not wanning tin stainless steel oxygena 
toi, an almost tonstant time tempeiatmc icduttiou could be piedicted The 
tempeiatuic fall did not appeal to be iclatid to the weight of the p itient oi the 
time on In pass, aftei the hist 5 minutes This allowed us to ariivc at lei els 
of ‘llipotheimic Analgesia ” At these Icicls (31° to 32 7° ’ ■> anev^Vtie 
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Table I. Analysis op First 15 Patients Undergoing Intracardiac Surgery Utilizing 

Hypothermic Analgesia 


PATIENT 

DATE OP 
OPERA¬ 
TION 

AGE 

(YEARS) 

WEIGHT 
(LBS.) 1 

1 

diagnosis 

PROCEDURE 

1 

1 

OUTCOME 

1. K. H. 

12-12-57 

8 

70 

Ventricular sep¬ 
tal defect 

Closure of 
defect 

Lived; defect 
completely 
closed 

2. J. P. 

1- 9-58 

8 

40 

Ventricular sep¬ 
tal defects 

Closure of 
defects 

Lived; defects 
complctelj' 
closed 

3. A. V. 

1-16-58 

8 

50 

Patent ductus 
arteriosus and 
ventricular 
septal defects 

Ligation of 
ductus and 
closure of 
defects 

Lived; defects 
completelj- 
closed 

4. D.L. 

1-30-58 

4 

28 

Atrial septal 
defect and 
ventricular 
septal defect 

Closure of 
atrial and 
ventricular 
septal defects 

Died 18 hours 
postop. of 
cardiac 
tamponade; 
both defects 
completelj' 
closed 

5. R.C. 

2- 6-58 

8 

70 

Atrial septal 
defect and 
valvular pul¬ 
monic stenosis 

Closure of 
atrial septal 
defect and 
pulmonar 3 - 
valvulotom.r 

Lived; defects 
completely 
treated 

6. A. DeL. 

2-20-58 

7 

50 

Patent ductus 
arteriosus and 
tetralogy of 
Fallot 

Ligation of Lived; defects 

ductus, re- cured 

section of 
infundibular 
stenosis and 
closure of 
ventricular 
septal defect 


7. 

R. M. 

2-27-58 

2 

29 

Patent ductus Defect closed 

arteriosus and and ductus 

ventricular ligated 

septal defect 

Lived; defects 
completely 
closed 

8. 

N. P. 

3-12-58 

41/2 

38 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completely 
closed 

9. 

D. S. 

3-20-58 

4% 

39 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completelj' 
closed 

10. 

S. H. 

3-27-58 

7 

40 

Patent ductus Ductus ligated 

arteriosus and and defect 

ventricular closed 

septal defects 

Lived; defects 
completelj' 
closed 

11. 

D. S. 

4- 3-58 

6 

45 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completely 
closed 

12. 

R. J. 

4-17-58 

2% 

32 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completelj' 
closed 

13. 

B. J.H. 

4-28-58 

8 

40 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completely 
closed 

14. 

L. A. E. 

5- 7-58 

3 

30 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completelj' 
closed 

15. 

W. T. 

5-22-58 

23 

143 

Ventricular sep- Closure of 
tal defect defect 

Lived; defect 
completelj' 
closed 
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\\as neeessaij Jlusoulai mo^ement of the patients iias conti oiled and tin 
towaid eaidiae tefleves did not oecui Tins tvas ptobably due to the succinjl- 
cholme 

suMtunt 

A nen concept of hjpotheiniie analgesia foi evtiacoipoieal open lieait 
siiigei 3 IS piosented Except foi a imisele lelaxant, no other anesthetic adpinct 
tvas leqiiiicd to maintain siiigieal anesthesia dining bjpass Fifteen eases aie 
topoitcd with onlj one moitalitj and the technique is described 

VDDrXDHM 

Tho authors use a median ^ternotOlln instead of a bilateral anterior thoracotono 
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THE EFFECT OF PROLONGED VENO ARTERIAL PUMPING 
ON THE CIRCULATION OF THE DOG 


AV// A. /. Hamer, ALB., ALR.C.P.,* fames F. Dickson 111, Ai.D.,* and 
fames IF. Doiv, Al.D,,* Boston, Aiass. 

With the Technical Assistance of Carl E. Hem on.** 

INTRODUCTION 

T he volume work of tlie heart may be reduced by diverting part of the 
venous return and pumping it into the aorta. Such veno-arterial shunt¬ 
ing may prove to be beneficial for days following myocardial infarction or pul¬ 
monary embolism. The purpose of this study is to determine the long-term 
effects of pumping a large proportion of the venous return into the aorta on 
cardiac output, regional oxygen supply, clotting mechanism, and acid-base bal¬ 
ance. 

METHODS 

The technique and equipment for veno-arterial shunting are described in 
detail in a separate report. Blood flows by gravity through a cannula witii 
tip placed at the junction of the superior vena cava and the innominate veins 
into a collecting chamber or plastic bag, and is pumped from there to the bi¬ 
furcation of the aorta by way of a cannula in a femoral artery (Pig. 1). The 
pump is pneumatically cycled ivith ball-valves at each end of the pumping ele¬ 
ment, i 

An open collection system -with Aveir flow-meter ivas used for the first 
eleAmn procedures. A closed plastic bag was substituted for the open cliamber 
in the last four experiments. FIoavs Avere calculated from time collections of 
100 c.e. of blood in the chamber or 100 gi’ams in the bag. The closed system 
Avas air-free and tightly distended Avith 800 to 1,100 c.c. of freshly drawn, 
heparinized, homologous donor blood before the bypass Avas started. Tempera¬ 
ture Avas controlled by Avarming a loop of the arterial line in a Avater bath 
except in the first tAVo experiments. 

From the Tufts jMedical Services, Circulation Laboratory and Thoracic Surgical Services. 
Boston City Hospital, and the Departments of Medicine and Surgery, Tufts University Scliooi 
of Medicine, Boston, Mass. 

Supported by grants from the National Heart Institute (HT5012-C5) and the Mass¬ 
achusetts Heart Association (275). 

Heceived for publication June 21, 1958. 

^Present address: The Presbyterian Hospital, Philadelphia, Pa. 

•*Of the Brunswick Manufacturing Co., Quincy, Mass. 
tBuilt by the Brunswick Manufacturing Co., Quincy, Mass. 
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Polyethylene catheters were ijlnced with their tips in the intrathoraeie 
inferior vena enva, at the arch of the aorta, and in the aorta at diaphragm level. 
Samples drawn from these locations and from the bypass line w'ere analyzed 
for oxygen content and saturation, carbon dioxide content, pH, hematocrit, 
electrolytes, and clotting factors. Blood buffer base and PCO 2 were derived 
from the Singer-Hastings nomogram.’ Control arteriovenous differences were 
calculated from tlic formula: 

AV difference = A + 21) 

where A = arterial oxygen eontent 

S = superior vena eaval oxygen content 
I = inferior vena eaval oxygen content 



1*]^. I.—UnsHturated blood is wlHidrawn fi-om the superior vend cava and pumned into 
the aorta at the bifurcation to perfuse the legs. back, and lo\%'cr abdomen. The oxygen sat¬ 
uration of blood supplying the heart, brain, and upper abdomen is unaffected. 


IVhen the bypass flow was greater than .30 c.c./Kg./niin. tlie inilmonary arfei-io- 
venons difference was calculated from the upper aortic and the infeilor eaval 
oxygen contents. In one exiierimcnt, the cardiac output during jjerfusion was 
estimated from the change in pulmonary arteriovenous oxygen difference, as¬ 
suming tliat the o.xygen consumption was constant. Tlie presence of hemolysis 








Table I. Eb’fects of Veno-Aeterial Shunting: 22 Test Periods in 9 Animals 
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was detected by inspection of tlic plasma in hematocrit tubes after centrifuging. 
Aortic pressure was constantly recorded on direet-indting paper using a P23Db 
strain gauge and Sanborn G7 .series Poly-Viso. 

The last 9 bypasses were started at a rate of 100 to 200 c.c. per minute 
for 10 minutes before full flow was attempted. When a pronounced drop in 
arterial pressure occurred during the initial blood exchange, bypass was stopped 
and the animal allowed to recover for 30 to 45 minutes before bypass was re- 
.sumed at full flow. 

Indicator dilution curves were recorded on direct-writing paper using in¬ 
digo carmine dye and a Colson constant-flow densimeter .system. Dye was in- 
.iected into the inferior vena cava and the concentration recorded in blood from 
the aortic arch. 

Blood for priming the system and replacement of loss was drawn from 
donor animals by exsanguination under light Pcntothal a3icsthesia. The heparin 
concentration in the collection bottles ranged from 23 to 51 mg. per liter. Donor 
and subject animals were cross-matched in the last three experiments. The 
subject animal was lightly anesthetized with Pcntothal and maintained 'with 
25 to 75 mg. doses of Nembutal as required. The trachea was intubated and 
oxygen inn in through a catheter at a flow of 2 L. per minute. The animals 
were allowed to breathe spontaneously. The total o.xygen content of arterial 
blood is expressed as a percentage of hemoglobin capacity without correction 
for dissolved oxygon. 

Each subject received 2 mg. per kilogram of body weight of heparin 
initially. Heparinization was maintained with doses of 50 to 100 mg. every 
3 hours, except in tlic last experiment in which a continuous infusion was given. 

Cineangiography was perfonned in 2 animals using a Phillips image in- 
tensifier and 16 mm. movie film. Ninetj' per cent Hypaque, at a concentration 
of 0.66 c.c. per kilogram, was injected into the femoral aiferj' cannula during 
maximal bypass. 

RESULTS 

Fifteen animals were studied. In 6 animals, hyqiotension and normovolemic 
shock occurred a few minutes after the onset of veno-arterial pumping. Five 
of these were excluded from the analysis. The sixth animal recovered rapidly 
and, as final control samples were similar to those taken before the onset of 
shock, was included in the study. In 5 dogs, long-term perfusion was under¬ 
taken. 

Effects of Veno-Artcrial Shxinting at Various Ifafe.v.—Twenty-two test 
periods in 10 animals were found suitable for evaluation. Six further to,st pe¬ 
riods wore excluded because of respii-atory depression, uncontrolled cooling, or 
a diastolic blood pressure below 90 mm. Hg. The volume of the veno-arterial 
shunt ranged from 25 to 71 c.c./Kg./min. (Table I). 

There was no significant change in mean artenal blood pressure during per¬ 
fusion. However, the pulse pressure wa.s considerably reduced with elevation 
of the dia.stolic pre.ssure (Pig. 2). 
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The oxygen saturation of blood in the aorta at the arch and at the diaphragm 
was unchanged by veno-arterial pumping, except in one test period at 63 c.c./ 
Ivg./min. in which the oxygen saturation at the diapliragm fell to the level 
found in the shunt line. 

The oxygen saturation of blood from the bypass line ranged from 79 to 
92 per cent in the control samples, while the inferior vena caval saturation was 
between 62 and 78 per cent. With increasing veno-arterial pumping, both bypass 
line and inferior caval oxygen saturations tended to fall. In the 6 test periods 


CONTROL 


BY-PASS at 66cc7/kg’/Min. 



Rate: tzi/min. 


Rate: lB5/min. 


Fig. 2.—The effect of veno-arterial pumping on the aortic pressure pulse. During perfusion 
the pulse pressure is diminished and the liiastolic pressure is elevated. 


% 

Oz SATURATION 

• • Upper Aorta 
it » By-Pass Line 

T r t.V.C. 70 U 



VOLUME OF VENO-ARTERIAU SHUNT 
( mL. / Kg. / minute ) 

Fjg-. 3.—^xhe oxygen saturation in the upper aorta is unaffected by veno-arterial shunt¬ 
ing. The saturation in the bypass line and in the inferior vena cava falls progressive!.' 
with increasing perfvision. 


with a bypass flow greater than 50 c.c./Kg./min., the bypass line saturation 
averaged 62 per cent and the inferior caval saturation 47 per cent (Pig- 3)- 
The pulmonary arteriovenous oxygen difference increased progre.s.sivcly 
with the volume of the veno-arterial shunt above value.s of 30 c.c./Kg./min. 
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(Fig 4) In Dog 3 the caidiae output 'nas estimated duiing peiiusion The 
sum of caidiac output and bjTpass flow uas hetwecn 101 and 108 o c/Kg/imn 
in foul test peiiods The aveiagc eaidiac output deteimincd bj the dj'o dilution 
method in 5 contiol periods Mas 105 cc/Kg/miii 

The arterial pCOi slioued little change The buffer base Mas noimal in 
the contiol period and Mas not consistently aftceted bj vcno aiterial pumping 
The low values in Dog 15 weie attributed to hcmorihage (Table I) 

Cineangiogiaphj Mith bypass floMs of 58 and GO cc/Kg/niin showed that 
the shunt blood filled the aorta and its blanches to just below the level of the 
diaphiagni The uppei leicl of the opacified blood fluctuated with the lieaitbeat 



VOLUME OF VENO-ARTERIAL SHUNT (ml /K 9 /mm 1 

4—The ‘\rterio\ enous oxjgen difference across the lungs Increases ^Mth the bypa^ts flfin 
Indicating a progre^tsKe reduction in tlic output of the heart 

The renal and hepatic aiteiies were filled with dte blood onlj duiing ^entlIculaI 
diastole (Fig 5) 

Prolonged VenoAiteual Shunting —Longteim studies weie undei taken 
in 5 animals (Table II) In 4, the piocedurc was tcimmated b^ the death of the 
animal Dog 14, liottevei, suiMved aftei 52 horns’ perfusion 
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In the first experiment, uncontrolled fall in body temperature to 32° C. 
was associated with a fall in blood pressure and blood oxygen content, and even¬ 
tual death after 19 iiours. In sulisequent animals, normal body tempei-atm-es 
were maintained. In Dog 5, a fall in Ifiood pressure and oxj'gen saturation after 
13 hours followed transfusion from a new donor. Tiie next experiment was 
satisfactory for 52 hours when the pump became occluded by a thrombus (Fig. 
6). The animal recovered rapidly from the anesthetic and no untoward after¬ 
effects were noted. The final dog (No. 15) was difficult to manage because of 
continued hemorrhage from operation sites. 



FIS', 5.—This diagram is constructed from a cinean^io^aphic study in which 
flow was opacified. At a shunt flow of 60 c.c./Kg./min. unsaturated blood reaches the leiei 
of the diaphragm. V'entricular systole, however, fills the renal and hepatic arteries with luiij 
saturated blood. 

During these prolonged experiments, a normal urine volume was maintained, 
and the blood nonprotein nitrogen rose only from an average of 22 to 31 mg. 
per 100 c.c. The eleetrolj'te pattern of the plasma was little disturbed. 

Effect of Prolonged Pumping on the CoagiiUtion Mechanism. —In the first 
three experiments the changes were unifonn. The fibrinogen content was little 
affected, and the measurements of prothrombin, proconvertin, and Stuart factor, 
together with the Quick "prothrombin’* time, shoAved moderate prolongation 
(Fig. 7). The platelet coimt fell in the first hour to approximately 100,000 per 
cubic millimeter, but shoAved no subsequent change. In the fourtli dog, there 
Avere similar changes until the forty-eighth hour when the platelet count fell 
to 40,000 per cubic millimeter and the fibrinogen to 227 mg. per 100 c.c. Clotting 
in the apparatus Avas noted a feAV hours later. In the fifth animal, a larger 
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Fig 6—Dog 14 was perfused at 36 cc/Ivg/mln for 52 hours with survival The bjpass 
was terminated when thrombus oociuded the pump A fall in blood pres<!Ure at this time 
was due to temporary loss of blood Into the collection bag 



PUMPING TIME IN HOURS 


Fig 7.—Changes in coagulation factors during prolonged \eno arterial shunting in Dog 5 
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over-all dose of heparin was given by eontinnous infusion and hemorrhage became 
a pi’oblem. The changes in coagulation factors were, however, similar to those 
in the previous experiments. 

Hemohjsis.~No consistent changes in hematocrit, hemoglobin, or red cell 
count were found. Hemolysis was noted in the first blood samples after the 
onset of perfusion in 5 of the 15 animals. In 3 of these 5, the apparatus had 
been primed with mixed Ifiood from 2 donor dogs. Late hemolysis was found 
only in 3 animals in Avhich blood from a second donor dog was used for trans¬ 
fusion after several hours. 

DISCUSSION 

At low rates of veno-arterial pumping, blood is drawn from the superior 
vena cava only, and is 70 to 80 per cent saturated with oxygen. This blood 
supplies the lower extremities. At shunt flows greater than 30 c.e./Kg./min., 
the rate of superior vena eava return is exceeded, and the shunt line draws 
increasingly from the inferior vena eava. At flows of 60 c.e./Kg./min., the 
shunt mixture is composed of roughly equal parts of superior and inferior caval 
blood. Part of the coronary sinus floAv is presumably also drawn off. In con¬ 
sequence, the lower part of the body is perfused by progressively larger volumes 
of more reduced blood. 

Most of this oxygen-poor blood goes to supply the muscle mass of the lower 
extremities and back. At shunt flows of 58 and 60 c.c./Kg./min., cineangiograms 
show the dyed interface to oscillate at mid-abdominal level in the aorta (see Pig. 
5). The shunted blood fills the renal arteries and reaches as high as the celiac 
axis during diastole, but is forced back past tlie renal vessels by ventricular 
systole. The splanchnic bed is therefore perfused in large part by freshly 
oxygenated blood even at the highest veno-arterial flows attained. 

Progressive widening of the arteriovenous oxygen difference aci’oss the lung 
provides evidence that cardiac output declines as the veno-arterial shunt increases 
(see Pig. 4), and suggests tliat total body perfusion remains constant. Experi¬ 
ment No. 3, in which the sum of bypass flow and cardiac output is similar to the 
control cardiac output determined by the dye dilution method, supports this 
conclusion. 

In addition to saturation of arterial blood, oxygen availability is determined 
by the rate of blood flow and of oxygen utilization. In these experiments, total 
tissue flow is maintained, and arterial blood supplying coronary, cerebral, and 
most of the splanchnic beds is fully oxygenated at shunt volumes up to 50 
c.c./Kg./min. The low saturation of the final venous mixture obscures the fact 
that contributions to this mixture from the vital organs cannot be poor in oxygen. 

If total body perfusion is unchanged, the volume output of the heart is 
reduced quantitative^^ by the volume of the veno-arterial shunt. This reduction 
is reflected in the narrowed aortic pressure pulse (see Fig. 2). At the same 
time, the higher diastolic pressure should tend to increase the myocardial blood 

flow. 
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1 A evstem ±oi dneiting p*ut oi tlie \enoiis ictmn fiom the -veTiae ca\aD 
and pumping it into the aoita at tlie bifurcation has been devised 

2 The nia\imum late of pumping aclue\cd vab 71 ce/Kg/min, and the 
longest diuation of satisfactoi\ peifusion 'uas 52 hoius 

3 Total tissue peifusion is not cltangcd bj pumping, so that the volume 
output oi the heait is i educed b\ the amount of the shunt 

4 The ovjgen satuiatioii of shunted blood falls piogiessneh vlien the 
shunt IS incieased beyond 30 c c /Kg/mm At flows fiom 50 to 7t c c /Kg /nun , 
the o\jgen satniation of shunted blood aveiages 62 pci cent 

5 0\^genation of the spl'inchnie bed is noimal at shunt flows less than 
50 c e /Kg /min 

6 1 cno aiteiial pumping foi 52 lioins did not cause maioi iiio\eisiblc 
changes in blood lenal function, oi acid base balance 

Our thanks vre due to Dr Herbert S Si«c 'ind his colleagues of the Anticoagulant 
Laboratory, Dr William C Moloney and Dr Jane Desforges of the Hematologj Liborator\, 
Dr C Gardner Child III for the u«e of the appaiatus for eiiKangiograplij, and Dr John 
J Bjrno for the u«e of the facilities of the Boston University 3id Surgit il Research Labors 
torj at the Boston City Hospital aI«o, to Mts« ToAnn Hams for surgical assistance, Miss 
Faye Baer for the blood gas analysis, and Miss Violet Pcter«i for her help m preparing tlic 
manuscript 

vnXiFNDDM 

This technique lias recent^ been used to suppoit the circulation in a patient witli 
intractable congestive heart failure \cno arterial pumping uas performed for 26 hours 
at a rate of 1 L pei minute Tlicre was no evident change in the paticnt^s condition is a 
result of the procedure, and he died 2 dajs later Autop^v showed no lesions attributable to 
the apparatus V striking feature was the plasma hemoglobin concentration which was 
only 5 mg per cent after 10 hours’ pumping Evidence from the oxvgen saturations suggests 
that the pumped blood was diverted to areas of low vascular resistance in the lower pirt 
of the body A larger c\tra(’orpQreal flow might have been more effective Nevertheless, 
this experience demonstrates that venoarterial pumping is u prictical procedure for u«e in 
m in 




1 feinger K B, ind H istiug*?, A B Kn liiiiirovtd Uiiutdl Ab thod for tin Estuuition of 
Disturbances of the Acid Base Bal ince of Human Blood, Medicmc 27 1948 



THE PHONOCARDIOGRAM AS A METHOD FOR EVALUATING 
MITRAL STENOSIS: CORRELATION WITH 
OPERATIVE FINDINGS 

George L. Donnelly, M.D., George E. Maha, M.D., and 
Edivard S. Orga’m, M.D., Durham, N.C. 

I N RECENT YEARS, plionocardiography has been titilized to estimate the severity 
of mitral stenosis. The interval between the onset of electrical activation of 
the ventricle and the closure of the mitral valve (Q-1 interval), measured by 
means of simultaneous phonoeai'diogram and electrocardiogram, has been 
found usually to be prolonged in mitral stenosis.^-* Similarly, a shortened 
interval between the second heart sound and the characteristic opening snap 
of mitral stenosis (2-OS interval) has been thought to indicate the severity of 
the stenosis.® In mitral stenosis, these variations have been attril)uted to the 
pressure gradient across the mitral valve.®’ It appears likel}^ that, in pre¬ 
dominant mitral stenosis, a delayed first sound results from elevation of left 
atrial pressure. Late equilibration of atrial and ventricular pressures during 
ventricular systole produces delayed closure of the mitral valve. Similarly, 
early equilibration of these pressures during the stage of isometric ventricular 
relaxation, because of elevated atrial pressure, would produce an early open¬ 
ing snap. 

The diagnostic implications of prolongation of the Q-1 interval and of the 
time relationship between the second sound and the opening snap haA’e led to 
investigations of the usefulness of these determinations in evaluating patients 
for mitral valve surgery. Bayer and associates® constructed a curve from 
simultaneous mean pulmonary capillary pressure and 2-OS interAmls in 100 
patients Avhich roughly corresponded to the terminal slope of the A’entricular 
isometric relaxation curve and indicated that the left atrial pressure could be 
thus estimated. Wells® examined a series of 30 patients and correlated the 
size of the miti’al orifice at surgery with the Q-1 and 2-OS intei’A’als and the 
difference between these interAmls Avhich he termed the Q-1 minus 2-OS Amine. 
Because of A'ariations in these interAmls Avith heart rate, he first analyzed a 
group Avith auricular fibrillation and found an approximate linear relationship 
betAveen c.Tcle lengths of 0.6 and 1.2 seconds for both the Q-1 and the 2-OS 

From Tlie Department of Medicine, Duke University School of Medicine, and The Cardio¬ 
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intervals. He thus was able to find "corrected” values for a cycle length of 
0.8 second. Apparently using multiple observations in cases of sinus rhythm, 
he obtained corrected values in these cases also. The best correlation was 
thought to c.xist between mitral valve size and the "corrected” Q-1 minus 
2-OS value. He thought that any delay in the individual intervals resulting 
from rigidity of the valve cusps would be offset by using both intervals for 
estimate. 

The present study was undertaken to evaluate independently the useful- 
ne.ss of these determinations in the selection of patients for surgeiy. 

JIETHOD 

Forty-seven patients were studied by means of preoperative phonocardio- 
grams. Estimations of valve size were made in each instance by the same sur¬ 
geon* by means of insertion of the finger tip into the valve orifice at time of 
surgery. Intervals were measured from logarithmic phonocardiographic trac¬ 
ings taken at the apex and simultaneous Lead 11 electrocardiograms u.sing a 
Sanborn Twin-Beam Cardiettc. The Q-1 interval was measured from the onset 
of the QRS complex to the first ma.ior vibration of the fii’st heart sound. The 
2-OS interval was measured from the beginning of the second heart sound to 
the onset of the opening snap. Opening snaps were recorded in all but 3 
patients. No patients had bundle branch block or discernible intraventricular 
conduction delay which might prolong the Q-1 interval.^ One patient had 2:1 
atrioventricular block. 

Fifteen of the 47 patients had auricular fibrillation. Of these, 13 had de¬ 
tectable opening snajis. Assuming a linear relationship between the time inter¬ 
vals and the change in preceding cycle length between cycle lengths of 0.6 to 
1.2 seconds, linear regression lines rvci-e calculated. Statistically significant 
values for the slope of these lines were obtained only when variation in cycle 
length exceeded 0.3 second. Such a range is required to produce measurable 
variations in the time intervals. The "corrected” Q-1 and 2-OS values could 
be calculated by substitution in the individual cas&s. 

The mean regression coefficient with standard error was -0.048 + 0.004 for 
the Q-1 intervals and 0.054 + 0.004 for the 2-OS intervals. These figures for 
linear i-egression are cssentiall.v in agreement with Wells’s observations of 
a decrease in Q-1 of 0.03 second and an increase in 2-OS of 0.03 second with 
change in cycle length from 0.6 to 1.2 seconds. 

In our experience, regression lines could not be calculated in ])aticnts 
with normal sinus rhythm because of the narrow variations in cycle lezigth. 
In those cases, after obtaining the means of multiple Q-1 and 2-O.S intei-vals, 
correction of the intei’vals to a cycle length of 0.8 second was made by assum¬ 
ing a decrease of 0.005 second in Q-1 time and an increase of 0.005 second in 
2-OS time for each increase of 0.1 second in cycle length. The validity of these 
coi’reetinns may be open to question. 

•Dr. 'Will Sealy, Profesisor of Tiioracic SurRcry. 
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Postoperative studies were carried out on 17 patients, 7 of whom had 
auricular fibidllation. 

RESULTS 

For general assessment, the patients have been grouped into four cate¬ 
gories based on valve sizes of less than 0.5 cm.-, 0.5 to 1.0 em.^ 1.0 to 1.5 em.=, 
and greater than 1.5 em.^ 

Estimates of insufficiency and calcification were also made at operation. 
Scattergi'aphs (Figs. 1, 2, 3) show the covrelation between the “corrected” 
Q-1 intervals, 2-OS intervals, and Q-1 minus 2-OS values and the mitral valve 
size at surgery. The Q-1 interval failed to disclose satisfactory predictive cor¬ 
relation with valve size. With five exceptions, the Q-1 interval was 0.07 
second or greater in each of the valve size groups, and was 0.08 second or 
greater in 8 of 13 patients whose valve size was greater than 1.0 em.=. 

However, reasonably good correlation is apparent for both the 2-OS inter¬ 
val and the Q-1 minus 2-OS value. Twenty-nine (85 per cent) of 34 patients, 
whose valve areas measured 1.0 cm.- or less, had a 2-OS interval of 0.09 second 
or less in comparison to 2 of 10 patients whose valve size exceeded 1.0 cm.“. 
All 11 patients whose valve area was less than 0.5 cm.- exhibited a 2-OS inter¬ 
val of 0.09 second or less, as well as 18 of 23 patients whose valve size ranged 
from 0.5 to 1.0 cm.^. Eight of 10 patients in whom the estimated valve size 
was greater than 1.0 cm.® showed a 2-OS interval of 0.095 second or greater. 
Thirty (90 per cent) of 34 patients, whose valve area measured 1.0 cm.- or 
less, exhibited Q-1 minus 2-OS Amlues of -1.0 or greater, as compared to 3 of 10 
patients whose valve size exceeded 1.0 cm.-. Utilizing values of 0.09 second 
for 2-OS interval and -1.0 for Q-1 minus 2-OS difference, seAmn errors in pre¬ 
diction of Amlve size are noted for each of these indices employed alone. The 
estimated valve size at operation was smaller in 5 patients and greater in 2 
patients than predicted fi-om the 2-OS interval. Vahm size was smaller in 4 
patients and larger in 3 patients than predicted from the Q-1 minus 2-OS value. 
Because of overlap, these 14 prediction errors involve only 9 patients. How¬ 
ever, when the values for both indices were satisfied as criteria of valve size, 
prediction errors remained in only 5 of the group of 44 patients; valve size 
Avas overestimated in 3 and underestimated in 2 patients. 

The 17 postoperative studies shoAved changes in Q-1 and 2-OS interAmls 
similar to those described by others.^’® The indiAudual pre- and postoperative 
values in these cases are summarized in Table I. Five patients shoAved short¬ 
ening of the Q-1 time compared to preoperative values while an additional 6 
showed slight increases (Pig. 4). In 14 patients there was lengthening of the 
2-OS interval (Pig. 5). Thirteen patients exhibited decreases in Q-1 minus 
2-OS values, the change being greater in those patients presenting more severe 
mitral stenosis (Pig. 6). In 1 of the remaining 4 patients (Patient L. H.), 
pui-e mitral insufficiency Avas present and valvulotomy Avas not performed. 
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DISCUSSION 


wDl interval failed to reveal appreciable correlation 

1 va ve size m this senes. These observations are not in agreement with 
conclusions of others. Kelly^ felt that, in the absence of bundle branch block 
pro ongation of the Q-1 interval was found only with mitral stenosis and that 
^ interval of 0.07 second or more indicated significant stenosis. Such a Q-1 
interval range would encompass all save 5 patients in our entire group whose 
valve sizes varied from less than 0.5 em.= to greater than 1.5 em.-. Moreover, 
S of 13 patients who presented valve areas greater than 1.0 cm.- had Q-1 inter¬ 
vals of 0.08 second or longer. Reasonably good correlation was found between 
valve size and the 2-OS interval. A short 2-OS interval, noted b}^ most investi¬ 
gators in severe mitral stenosis, is thought to reflect elevated left atrial pres¬ 
sure.®’ ® An analysis of the seattergi'aph of our obsenmtions (Pig. 2) re¬ 
vealed that 29 (85 per cent) of 34 patients, whose valve areas measured 1.0 
cm." or less, had 2-OS intervals of 0.09 second or less in comparison to 2 of 10 


patients whose valve size exceeded 1.0 cm.-. Eaeli of the 11 patients whose 
valve area was less than 0.5 cm.® had a 2-OS interval of less than 0.09 second. 
Steinzeig and associates' found less con.si.stcnt shortening of the 2-OS interval 
but no comparisons were made with less severe cases or those without sig¬ 
nificant stenosis. This study demonstrates satisfactory correlation of mitral 
valve size with the Q-1 minus 2-OS value as noted by Wells.® Thirty (90 per 
cent) of 34 patients, whose valve areas measured 1.0 cm.® or less, had a “cor¬ 
rected” Q-1 minus 2-OS value of -1.0 or greater as eompai’ed to 3 of 10 pa¬ 
tients W’hose valve size exceeded 1.0 cm.®. Six of 7 patients, whose valve size 
was greater than 1.5 cm.®, had values more negative than -1.0. Wells® sug¬ 
gested that the use of the Q-1 minus 2-OS value would offset any prolongation 
of the Q-1 or 2-OS intervals caused by rigidity of the valve cusps. However, in 
our series, 6 iiatients with heavy valvular calcification shoAved no consistent 
lengthening of either interi'al OA’er noncalcified cases Avith the same a’cIa’c 
areas. Wells subsequently has reported on a group of 100 patients AA’ho had 
been studied preoperatively AA’ith phonocardiograms. In this group the mitral 
pressure gradient, determined at opei’ation, Avas found to be high in iiatients 
AA’lio had a “corrected Q-1 minus 2-OS” greater than -1.5, AA’hile the pressure 
gradient was found to be Ioav in patients who had a value less than -1.5.® Our 
determinations and correlation Avith valve size are in general agreement Avitli 
those A’alues. 

In the group of patients considered, surgical interA’ention Aims decided 
mainly upon clinical grounds, sometimes assisted by right heart catheteriza¬ 
tion. With increasing use of left heart catheterization, phonoeardiographj 
may prove a useful adjunct to clinical evaluation. In patients suspected o 
having tight mitral stenosis, a “corrected” 2-OS interval of greater than . 
second and a “corrected” Q-1 minus 2-OS value more negative than -LO 
should lead to careful re-evaluation and, if neeessaiy, left heart cathetenza ion 
before surgery is undertaken. On this basis alone, 6 of the 7 patients, w ose 
valve size at operation Avas found greater than 1.5 cm.®, Avould noAV be recom¬ 
mended for left heart catheterization before surgery. 
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Recognizing significant agi eement Rut uifli clefinitc Iimitafioiis, it .ijipeais 
that loutiiie phonocaidiogi.iphj Mill assist in stieeiinig jintential candidates 
foi initial lahulotoiii} If the 2 OS iiitenal is less than 0 09 second and the 
Q 1 minus 2 OS value is gieatei than -1 0 in the same jnticnt, the likelihood 
of a faiilj tight mitral stenosis is good These indices, used togethei as on 
teiia of \ahe size possess gicatei lalue than cither indev used alone 


smni vR\ 

The value of phonoeardiogiaphi in selecting candidates foi mitral com 
missuiotomv has been assessed in a senes of 47 patients submitted to surgeij 
Comparisons betiveeii the “eoiieeted” figuies foi the Q 1 inteiials, 2 O'! inter 
sals, and Q 1 minus 2 OS iallies and the size of niitial orifice found at opeia 
tioii have been made Appieeiable con elation uas endent between valve size 
and both the 2 OS inteival and the Q 1 minus 2 OS value No significant coi 
I elation was observed between the Q 1 interval and valve size Postopeiative 
obseivations in 17 patients levealed shoitening of the Q 1 time in 5 patients, 
lengthening of the 2 OS inteival in 14 patients, and decrease in Q 1 minus 2 OS 
value in 13 patients the changes being gicatei in those patients e\hibiting 
more severe mitral stenosis When both the 2 OS inteival is less than 0 09 
second and the Q1 minus 2 OS value is greatei than -10 the likelihood of 
significant mitral stenosis is gicat Pewci predictive eiioi’s in valve size ate 
made when the v allies obsei v ed in a single patient satisfv both indices i athei 
than either indev; used alone as a criterion 
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CARDIAC PACEMAKER AND DEFIBRILLATOR 
WITH VARIABLE OUTPUT 

Karl E. Karlson, and Marvin L. Gliedman, M.D.** Brooklyn, N. Y. 


Tt has^ been demonstrated that electrical stimuli may be used to induce myo- 
A caidial fibinllation, to defibrillate the myocardium, or to control the heart 
action. The response of the mj’’oeardium is determined by the characteristics 
of the stimulus. Alternating current (60 c.p.s.) of less than 28 volts will eause 
fibrillation (never defibrillation) and of greater than 85 volts will cause de- 
fibrillation (never fibrillation). Similarly, 0.5 amp. (60 c.p.s.) will cause 
fibrillation (never defibrillation) and 1.5 to 3.8 amp. will cause defibrillation 
(never fibrillation).' Ftirther studies have shown that higher voltages (270) 
are more effective for defibi'illation- and that short impulses are less likely to 
result in myocardial damage.^ However, the optimum voltage-time relation¬ 
ships have not been precisely established and may vary. 

The optimum stimulus for control of heart action has been more ac¬ 
curately determined. A pacemaker pulse may be monophasie or biphasic but 
should be single with a sharp rise and exponential decay. The optimum dura¬ 
tion of pulse is 0.02 to 4 milliseconds. Voltage requirement to initiate systole 
is usually 2 to 3 volts (less than 20 volts).■*’®’' Repetitive stimulation 
within physiologic range is desirable (up to 120 per minute). 

For the past 4 years we have used a defibrillator and pacemaker of our 
own design.! This instimment is constructed to allow a large variation in 
output while being of comparatively simple design and relathmiy inexpensive. 


CHARACTEBI.STICS OF APPARATUS 


The defibx’illator produces pulses of up to 300 volts at 60 ej^cles per sec¬ 
ond. The range of frequency of the output impulses is 0 to 400 per mimxte. 
The duration of each output impulse is continuously variable between 0 per 
cent and 50 per cent of the interval between the initiation of successive im¬ 
pulses (Fig. 1; Tables I and TI). It is therefore possible to set the output to 

Prom the Department of Surgery, State Univensity of New York Downstate Medical 
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delivci- impulses of any voltage up to 300, any rate up to 400 per minute, and 
any desired pulse width down to one half of one cycle of the alternating cur¬ 
rent. 

Pacetnal-er .—The output voltage of the pacemaker is continuously variable 
between 0 and 20 volt.s. The output impulses are variable between 0 and 200 
per minute. Each impulse is a square wave rising sharply and decaying to 60 
per cent of maximum in 3 milliseconds, one such wave being emitted per pulse 
(Fig. 2). 


Fie I 




Fig. 1.—Defibrillator output o-s seen on osclUoacope 

Fig. 2.—Paccmdkei output as seen on oscilloscope. 

I’UIXCIPLES OF OPERATION' 

Defibrillator .—The 60-cycle input current is stepped up to 300 volts by 
means of a transformer (Fig. 3) and then fed to a variable autotransformer 
controlling the output voltage. A pair of motor-driven cam-operated switches 
are connected in series between the two transformers. Tliese snitches serve 
to open and close the cii’cuit at the desired rate, determined by the speed of 
rotation of the cam that actuates the switche.s. The rotational velocity of the 
cams is controlled by a variable speed mechanism, linking the cam-shaft to the 
drive motor. 
























Table T. Dor,vtion op Defibrillator Pulse 

FRACTION OP MINUTE 
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^le duration of the output impulse is controlled by rotating one of the 
snutches with respect to the other on the common cam-shaft. When the switches 
are actuated simultaneously, tlie output is maximum (50 per cent of inteiwal 
between onset of succcssiA'-e impulses). When one lags the other, the impulse 
width IS diminished as the lag increases, to the point where one switch opens 
at the same time the other closes, making the impulse widtii 0. 

Pacemaker. The source of the pacemaker output impulse is a DC power 
supply. The DC voltage is switched on and off by a single cam-actuated switch. 




fv -All ‘ » > 
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FJg-. 4.—Control panel of unit. 

Tlic rotation of this earn is controlled by a variable speed mechanism linking 
the cam-shaft and the drive motor. The resulting output impulse is a sharp 
square wave of constant duration which is fed into a differentiating circuit in 
order to obtain pulses that rise sliarply and deca,y exponentially within 3 milli¬ 
seconds. 

OPERATION 

Defibrillator .—The voltage is varied by the front panel control labeled 
Defib. Pulse Ampl. (defibrillator pulse amplitude) (Fig. 4), -which is calibrated 
from 0 to 300. The pulse repetition rate is varied by the control labeled 
Defibrillator Pulse Rate, calibrated from 0 to 4, and indicating rate in hundreds 
of pulses per minute (0-400). The length of the output impulse is determined 
by the setting of the Defibrillator Pulse Width control. This control is cali¬ 
brated from 0 to 10 which indicates 0 to 50 per cent of the pulse interval as the 
duration of the output impulse. The defibrillator electrodes are attached at t le 
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Defih Output (dcfibtillator output) coniiectoi The defibrillator On Off sivitcli, 
ulneli has a spiing letmn to the Off position, mai be used to eneigize the de 
fibrillator ciicuit (lathei than using the foot snitch) The Defih Paccmlr 
(defibiillatoi pacemaker) selector snitch must be in the “defibiillatoi ” position 
The Defih (defibiillatoi) lamp flashes sjnchionouslj nith each defibrillatoi 
impulse and indicates tlic late and duiation of each impulse 

Pacemo/.ei —Output \oltage is contiolled bj the Paccmli Pulse Ampl 
(pacemakoi pulse amplitude), calibiatcd liom 0 to 20 (lolts) The Pacemli 
Pulse Bate (paceiiiakei pulse rate) eoiitiols the late of pacemakci pulses and 
IS calibiated fiom 0 to 2, indicating the pulse lepetition late in hundreds of 
pulses pel minute The pacemakci electiode is connected to the Pacemhr Ottt 
put (paeeinakei output) The pacemakci eiiciiit is cncigized In snitching the 
pacemakei 0)1 0;^ snitch to the Oa position T)ic Defib Pacemhi (defibiillatoi 
pacemakci) seleetoi snitch must be in the Piicemli (paeeinakei) position 
Each paecmakei pulse is indicated on the PaceniKi lamp 

To tiiin the unit on piopaiatoij to use, both the defibiillatoi and pace 
maker pulse lato eontiols must be turned to 0 because the 0 stop is inteilocked 
nith the iiiotoi staiting eiiciiit With these eontiols at 0, the stait button is 
depiessed foi about 2 seconds and then iclcased The On lamp then lights 
Theio IS also a stop button to do eiieigi/c the unit 

Comment —This instiumont pioiidos continuous iniiabilitv of soltago, 
pulse mdth, and pulse fiequenei mthin knonn langes of effeetneness foi 
deflbiillation Optimal pulse ehaiaeteiistics niai easilj be obtained AVide 
saiiabilitj IS aiailablo toi e\porimentation The pacemaker component utilizes 
pulse chaiaetoiisties piciioush dotcimined to be satisfaetoiT and the pulse fre 
queues is saiiable nithin a lange suitable foi all clinical and most expeiimental 
applications 
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TRACHEAL COMPRESSION CAUSED BY AN ANOMALOUS 
INNOMINATE ARTERY ARISING FROM A 
BRACHIOCEPHALIC TRUNK 

Charles Fineherg, M.D., and Henry C. Sfofman, M.D., Philadelphia, Pa. 

I^ascular anomalies of tlie superior mediastinum are surgically important 
V because they may produce compression of the trachea and of’ the esopha¬ 
gus.^’ ® Anterior eompressiou of the trachea without involvement of the 
esophagus ma}'- occur. It may be produced by mediastinal tumor, anomalous 
innominate artery, anomalous left carotid arteiy, and incomplete development 
of the tracheal cartilages. Gross'* states that the left carotid artery may liave 
a common origin 'tt'ith an anomalous innominate arteiy; tliis origin is from tlie 
distal portion of the arch of the aorta. Anterior compression of tlie trachea 
usually results in dj'spnea, cyanosis, inspiratory and expiratory crowing, and 
recurrent pneumonitis because of inability to raise secretions. 

The subject of this report is a ease of anterior tracheal compression caused 
by an innominate arteiy originating from a brachiocephalic trunk. A review of 
the literature fails to reveal such a congenital anomaly causing tracheal com¬ 
pression. 

case report 

An 8-inonth-old Negro female was admitted to tlie pediatric ward on Aug. 26, 1657, 
witli a 2-montli history of respiratory difficulty. The prenatal history was noncontributory. 
The child was a product of a normal delivery and weighed 6% pounds at birth. She was 
in relatively good health for 2 months wdien she experienced an attack of chicken pox from 
W'hicli she recovered ^vithout difficulty. At the age of 2 months respiratory difficulty occurred, 
characterized by a definite expiratory wheeze and tugging respiration which were exacer¬ 
bated on exertion and crying. The child did not cough and was able to eat well. Swallow¬ 
ing liquids at times was followed by severe cyanosis. On three occasions in the following 0 
months the child experienced acute respiratory distress and cyanosis, w'hich required hos¬ 
pitalization for periods of 2 to 3 weeks. X-ray studies at that time in another hospital were 
reported as being within normal limits. Following the third period of respiratory difficulty 
the child was seen in the outpatient department of the Jefferson Hospital and x-ray atudies 
of the chest with barium swallow were perfoimed. Lateral chest roentgenograms sliowed 
anterior tracheal compression just below the thoracic inlet. 

Physical examination on admission to the hospital revealed a well-developed S-month-old 
Negro female who was lying in the prone position with the head extended markedly on the 
trunk. The child was in obvious respiratory distress and a gross e.xpiratory wheeze was 
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present. Her temperature ^^as 37.5® C., pulse 130, and repirations 40 per minute. Positive 
physical findings Merc confined to the thorax. Many coarse rlionchi were heard in the 
upper portion of the tliorax and thought to "be transmitted to the upper tracheobronchial 
tree. An expiratory stridor ivas present. Lahoratorj' findings were as follous: hematocrit 
32, liemoglobin 7.8 Gm. per 100 ml., white blood cell count 6,000, segmented neutrophils 
3G, lymphocytes 62, and monocytes 2. Urinalysis was witlim normal limits. Culture of the 
nose and throat repealed normal flora and bronchial cultures reicaled an occa‘*ional staphylo¬ 
coccus. The serology was reported as negative. The injection of purified piotein derivative, 
strengths No. 1 and No. 2, produced a negatne response. EIcctrocardiogiam revealed sinus 
tacliycardia with no evidence of heart disease. X ray studies of tlio chest showed a promi¬ 
nent tliyrmc shadow. In the lateral views there was narrowing of tlie lumen of the trachea 
along its anterior margin just below the thoracic inlet (Fig. 1). 



Fig I 


BroncJioscopy performed on Sept. 9, 1957, reioaled mnstrn-tion of the trachea just bo- 
low the cncoid cartilage and this was thought to be due to extrinsic compression. The 
attending staff considered the pathologic condition to be due to an .anterior inediastlnnl 
mass compressing the tracliea. 

On consultation, tlie surgeons considered the oonstrietion of the trachea at tlie Ic\ol of 
tlie thoracic inlet to be due to an anomalous lessel, citlier an anomalous innominate, or left 
carotid, artery. No roentgenologic evidence of niedlavtinal mass could be found. Surgical 
exploration and correction of the anomaly was recommended. 

Exploratory thoracotomy through n left anterolateral incision was performed on Sept. 
10, 1957, under endotracheal anesthesia. A small endotracheal tube was passed without 
difficulty. After dissection of the mediastinum it became ai>parcnt that we wore dealing 
with a brachiocephalic lossel which originated from the distal aspect of the aortic arch. 
This common trunk ga\e off the innominate artery and the left common carotid arter\ 2.2 
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cm fiom Its ontiu on the anitic Juch Ihc lett subcliiMin ou^^jn'ilod ipproximatel^ 0 5 
tm to the left of tlie bnchiocephalic \cssel (Pjg 2) The innonimate artery foUoned a 
45 decree course through the anterior niediastmum ind passed 'interior to the trachea just 
belou tlie thoracic inlet TJie entire br icluocephalie trunk, the innominate and carotid 
arteries were completely freed bj sharji dissection Three sutures nere placed throughout 
the aiUentitia of the brathioccphalie trunk at its origin from the aortia Two silk sutures 
were placed through the ad\cntitia of the innominate arterv as it crossed over the trachea 
\1I these sutures were brought out through the sternum This procedure pulled the anoma 
lous innominate arterj off the trachea and held it in satisfactory position 

Tie thorax w is closed without drainage The procedure was tolerated well and the 
patient was returned to tiic rceoicrj room in good condition After rocoiery from ancsthesi i 
the child’s respirations were obvioush iiurkedl> impro\cd Tlie respiratory stridor was no 
longer ciident The postoperiti\e course w is complicated bj a rectal temperature ele\ i 
tjon to 38 8* C on the second postoperative daj Roentgenograms t iken at this time showed 
itelcctisis of the right upper lobe A high humiditv owgen tent was utilized The tempera 
turo returned to normal levels on the third day and the rest of the postoperative period 
was completely uncomplicated 

Tie patient was discharged on the twelfth postoperative da\ and w is last seen (1 
months after operation at which time the mother stated that the previous respiratory dif 
heulty had been vompletoly lelio'cd The child was eiitirelv normal and showed satisfactory 
growth and development Follow up \rays revciIcd complete relief of tlie tracheal obstruc 
tion (Fig 3) 

DISCUSSION 

Anteiioi eoinpiossion of tlic tiaelica, causing rospnatoi’j obstmotion ivitli 
out jinolvenient of the esophagus may be caused b^ one of tuo vascular anoma 
hes An anomalous innominate aitcn mas onginafe faitliei to the left on tlit 
aortic aieli and pass nnterioi to the trachea in its eouiso to the light thorax 
Depending on its length and laxiti, it max oi max not cause enough naiioxiing 
of the trachea to piodiieo respiiatoix obstruction 

An anomalous loft common caiotid aitcn oiigimtos from the light side of 
the aortic aich and also passes aiitciior to the tiachea It can cause obstruction 
HI the same iiiaiinei as an anomalous iniioimiiate arterj 

The sxTnptoms caused bj tliese anomalies aie lefeiable to the lospiraton 
tiaet Symptoms of esophageal obstiiictioii such as occur xiith double aoitic 
nieh and right aortic arch x\ith a ligamcntum aiteriosiim aic absent, as the 
esophagus is not impinged upon Eccurrent, pulmonaij infection, dxspnca, 
cyanosis, crouing respiration and suprasternal tugging may bo seen xvitli this 
tjpe of tiacheal obstiuetion The patient max assume a cliaiactciistic position , 
a prone position xiith hypeiextension of the nech seems to impioie expiratorj 
exchange Flexion of the head on the trunh exaceiliates respiratoiy distress 
Lateral roentgenograms of the chest xiill rexeal anteiior iiaiiouiiig of the 
tiacheal air column at its loxvei thud Tracheograms peifoimed xMth opaque 
media xnll inoie clearly delineate the site of compression Tiaeheogranis xieie 
not performed on oiu patient, since the site of compiossion was loadilj detected 
on regular lateial chest films AngiocaidiograpUy oi letvogiacle aortogxapUj 
max be of gieat xaliic m the laie case, but is thought to he iisiiallx an unneces 
sail diagnostic pioeeduii 

Endoscopj maj be helpful in xicxxing the site and deteiniining the cause 
of the tracheal compression At times, tiacheal compression due ' ’ 
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anomalies may cause transmitted pulsations which are readily visible through 
the bronchoscope. Compression due to incomplete development of the tracheal 
cartilages can be detemiiued b 5 '- endoscopic examination as the caliber of the 
tracheal lumen will decrease on expiration. 

Anterior compression of the trachea may also be caused by a mediastinal 
mass. Lateral x-ray views of the chest should then reveal an anterior opacity 
Impinging on the trachea. 


EMBRYOLOGY 

Tile formation of a braehioceplialie trunk in the human being has not been 
explained. The brachiocephalic tnink presents as a part of the adult circulation 
in the sheep and dog. 



-D,AP. 


Fig. 4.—Coarctation of the aorta showing diagrammatic sketch of the aortic arches. 
Blocked areas represent the definitive arteries, unblocked areas those that disappear. 

I, II, III, IV, Y, and VI are tlie arches. E. (7.—External carotid. O. O.—Common carotid, 
r.—Innominate. A. A.—^Aortic arch. A .—Aortic sac. P. A .—Pulmonary artery. D. A. —fjuc- 
tus arteriosus. R. S .—^Right subclavian. U. S .—^Left subclavian. D. Ao .—Descending aorta. 
(From Herbut; Surgical PathoIog}^ ed. 2, Philadelpliia, 1954, Lea & Pebiger.) 


In the human being, the aortic sac, its left horn, and the left fourth arch 
artery form the arch of the definitive aorta (Fig. 4). The right horn of the 
aortic sac elongates to become the innominate artery. The proximal part of the 
left third arch artery becomes the left common carotid artery.® 

We postulate that the failure of formation of cleft in the aortic sac labeled 
A in the diagram (Fig. 4) would cause the development of a common trunk be¬ 
tween the innominate artery labeled I and the left carotid artery labeled G. C. 
The pull of the left common carotid at its origin from the trunk might also 
explain the position of the brachiocephalic trunk on the left of the midline. 
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SUMMARY 

1 A patient nith anfoiioi tiaelical compiession by an anomalous innomi¬ 
nate ailorj' onginating iiom a biachioeephalic tnink is reported 

2 The suigienl collection of the anomalj' is detailed 

3 A possible evplanation of the einbo ologic development of this anomaly 
IS suggested 

The luthors to thank Peter A Herbut, HD, Professor of Pntholog} of the 
Jeifer«!on Sfedicil College, for pcrniission to u‘<e Pig 4 m this irtide and for his adnee 
on the deielopmciit il inatoniy of this anomaly 
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TRAUMATIC RUPTURE OF THE ESOPHAGUS 

Robert E. Nelson, M.D., M.5., Sioux Fulls, S. D. 


S INCE Barrett’s' description of the successful repair of a posteinetic perfora¬ 
tion of the esophagus in 1946, at least 200 cases have been reported, de¬ 
scribing the primary surgical attack, and successful repair of the lesion. 
Mechanism of rupture has evoked considerable discussion and the advance¬ 
ment of many theories. Manj'- anatomic and physiologic studies have been 
performed on the esophagus in an attempt to prove the method of perforation. 
It has been noted that perforation almost invariably occurs in the left lateral 
posterior aspect of the esophagus, several centimeters above the hiatus. 
Mackler,- in a study of 65 autopsy specimens, ligated the cardia of the stomach 
and the proximal portion of the esophagus. He then distended the specimens 
with air and noted that the esophagus perforated in a longitudinal direction in 
the left lateral posterior position, in all but 3 cases. Mosher^ has described 
the anatomic features of the lower esophagus which probably contribute to 
rupture in this area. He noted that the circular smooth muscle of the lower 
esophagus becomes longitudinal close to its junction with the stomach and 
fans out over the stomach to help form the muscular layers. The longitudinal 
direction of the fibei's allows easy separation, so that the mucosa, which is 
unsupported with a submucosal layer, can herniate through and burst. 
IMackler, in his study, noted that muscle fibers split first, the mucosa then 
bulges through the separation and ruptures, thus explaining the longitudinal 
character of ruptures in this area. The basic theory of mechanism, which ap¬ 
pears most reasonable, is that the forceful ejection of gastric contents into 
the anatomically weak lower esophagus, diuang the process of vomiting, dis¬ 
tends the lower esophagus to the point of rupture. A case report of an indi¬ 
vidual, who was struck in the epigastrium immediately after a meal with a 
resulting rupture of the lower esophagus, is presented because it appears to 
lend credence to the theory that rupture is caused bj^ a transmission of force 
from the stomach into the lower esophagus, via the suddenly ejected gastric 
contents. 

CASE REPORT 

A 46-year-old rancher (H.H.) was admitted to the hospital with a historj- of haying 
been crushed between two trucks, immediately following a hearty breakfast. The patient 
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S INCE Barrett s' description of the successful repair of a postenietic perfora¬ 
tion of the esophagus in 1946, at least 200 cases have been reported, de¬ 
scribing- the primary surgical attack, and successful repair of the lesion. 
Mechanism of rupture has evoked considerable discussion and the advance¬ 
ment of many theories. Many anatomic and physiologic studies have been 
performed on the esophagus in an attempt to prove the method of perforation. 
It has been noted that perforation almost invariably occurs in the left lateral 
posterior aspect of the esophagus, several centimeters above the hiatus. 
Madder,- in a study of 65 autopsy specimens, ligated the cardia of the stomach 
and the proximal portion of the esophagus. He then distended the specimens 
with air and noted that the esophagus perforated in a longitudinal direction in 
the left lateral posterior position, in all but 3 cases. Mosher^ has described 
the anatomic features of the lower esophagus which probably contribute to 
rupture in this area. He noted that the circular smooth muscle of the lower 
esophagus becomes longitudinal close to its junction with the stomach and 
fans out over the stomach to help form the muscular layers. The longitudinal 
direction of the fibers allows easy separation, so that the mucosa, which is 
unsupported Avith a submucosal layer, can herniate through and burst. 
Mackler, in his study, noted that muscle fibers split first, the mucosa then 
bulges through the separation and ruptures, thus explaining the longitudinal 
character of ruptures in this area. The basic theory of mechanism, which ap¬ 
pears' most reasonable, is that the forceful ejection of gastric contents into 
the anatomically weak lower esophagus, during the process of vomiting, dis¬ 
tends the lower esophagus to the point of rupture. A case report of an indi¬ 
vidual, who was struck in the epigastrium immediately after a meal Avith a 
resulting rupture of the loAver esophagus, is presented because it appears to 
lend credence to the theory that rupture is caused by a transmission of force 
from the stomach into the loAver esophagus, via the suddenly ejected gastric 
contents. 

CASE REPORT 

A 46-year-old rancher (H.H.) was admitted to the hospital with a history of having 
been crushed between two trucks, immediately following a hearty breakfast. The patient 
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of the lower esophagus. Upon admission to the hospital in Sioux Falls, a swallow of 
Lipiodol was given, and the site of perforation was noted (Fig. 1). Sixteen hours after 
injury, the chest was opened through the bed of the ninth rib. Serosanguineous fluid was 
noted in the thoracic cavity. The mediastinum was markedly distended with most of 
the distention present in the inferior pulmonary ligament. The mediastinal/pleura was 
opened by cutting the inferior ligament up to the inferior pulmonary vein. A large amount 
of gastric content was removed from the mediastinum. Perforation was located in the 
posterior lateral aspect of the esophagus, immediately above the hiatus, and measured 
1.5 cm. in length. The mediastinum was irrigated with quarts of normal saline, and an 
extensive debridement was carried out. The laceration was closed with interrupted 3-0 
silk sutures. The chest tube was sutured to the diaphragm, in close proximity to the 
perforation, and brought out the posterior axillary line in the ninth inner space. 

The patient’s postoperative course was relatively uneventful. Three hundred cubic 
centimeters of serosanguineous fluid was aspirated from the right thorax. On the fifth 
daj^ the temperature was normal. On the seventh day, the Levin tube was removed and 
the patient was started on a clear liquid diet. On the tenth day, the patient was advanced 
to a full liquid diet which, by the fourteenth day, was changed to a soft diet. The chest 
tube was removed on the fourteenth da3\ Since this time, the patient has returned to 
his work and has had no further complaints. 


DISCUSSION 

A review of the literature reveals 6 cases-’ of rapture of the lower 
esophagus, following nonpenetrating trauma to the epigastrium and lower 
chest. Five cases died without a diagnosis, the sixth® survived with closed 
drainage. It is believed that the forceful ejection of the patient’s breakfast 
from his mouth immediately upon being struck by the truck is significant 
since it demonstrates the rapid emptying of gastric contents into the esophagus. 
Most eases of postemetic rupture of the esophagus occur Avhen the patient 
vomits following ingestion of a lai’ge meal, or a heavy drinking bout. Because 
the rupture in the above case was identical with the type known as postemetic 
perforation, one may assume that similar etiological factors are present in 
the two groups of cases. Both have in common the forceful ejection of gastric 
contents into the anatomically weak lower esophagus. The lack of survivors 
following indirect trauma denotes a general unawareness of this type of chest 
injury. Early definitive treatment gives good results, as evidenced by the 
large number of successfully repaired postemetic esophageal ruptures. An 
awareness of the possibility of esophageal perforation from nonpenetrating 
injury will certainly lead to the early discovery of the lesion, since diagnosis 
is easily accomplished by simple radiologic procedures. 

SUMjMARY 

-A case of rupture of esophagus due to a blow upon the stomach is reported 

(1) because of the light it throws on postemetic rupture of the esophagus, and 

(2) because of its successful treatment by primary repair. 

Both types of rupture have in common the sudden forceful ejection of 
gastric contents into the anatomically weak lower esophagus. 

Early diagnosis by roentgenologic studies is mandatory. 
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A review of the literature reveals 6 eases-- of rupture of the lower 
esophagus, following noupeuetrating trauma to the epigastrium and lower 
chest. Five eases died without a diagnosis, the sixth® suiwived with closed 
di’ainage. It is believed that the foi’ceful ejection of the patient’s breakfast 
from his mouth immediately upon being struck by the truck is significant 
since it demonstrates the rapid emptying of gastric contents into the esophagus. 
Most eases of postemetic rupture of the esophagus occur when the patient 
vomits following ingestion of a large meal, or a heavy drinking bout. Because 
the rupture in the above case was identical with the type known as postemetic 
perforation, one may assume that similar etiological factors are present in 
the two groups of cases. Both have in common the forceful ejection of gastric 
contents into the anatomically weak lower esophagus. The lack of survivors 
following indirect trauma denotes a general unawareness of this type of chest 
injury. Early definitive treatment gives good results, as evidenced by the 
large number of successfully repaired postemetic esophageal ruptures. An 
awareness of the possibility of esophageal perforation from nonpenctrating 
injury will certainly lead to the early discovery of the lesion, since diagnosis 
is easily accomplished by simple i-adiologie procedures. 


SUMMARY 


.A case of rupture of esophagus due to a blow upon the stomach is reported 

(1) because of the light it throws on postemetic rupture of the esophagus, and 

(2) because of its successful treatment by primary repair. 

Both types of rupture have in common the sudden forceful ejection of 
gastric contents into the anatomically weak lower esophagus. 

Early diagnosis by roentgenologic studies is mandatory. 
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of the lower esophagus. Upon admission to the hospital in Sioux Falls, a swallow of 
Lipiodol was given, and the site of perforation was noted (Fig. 1). Sixteen hours after 
inourj', the chest was opened through the bed of the ninth rib. Serosanguineous fluid was 
noted in the thoracic cavity. The mediastinum was markedly distended with most of 
the distention present^ in the inferior pulmonary ligament. The mediastinal/pleura was 
opened by cutting the inferior ligament up to the inferior pulmonary vein. A large amount 
of gastric content was removed from the mediastinum. Perforation was located in the 
posterior lateral aspect of the esophagus, immediately above the hiatus, and measured 
1.5 cm. in length. The mediastinum was irrigated with quarts of normal saline, and an 
extensive ddbridement was carried out. The laceration was closed with interrupted 3-0 
silk sutures. The chest tube was sutured to the diaphragm, in close proximity to the 
perforation, and brought out the possterior axillary line in the nintli inner space. 

The patient’s postoperative course was relativelj^ uneventful. Three hundred cubic 
centimeters of serosanguineous fluid was aspirated from the right thorax. On the fifth 
day the temperature was normal. On the seventh day, the Levin tube was removed and 
the patient was started on a clear liquid diet. On the tenth day, the patient was advanced 
to a full liquid diet which, by the fourteenth day, was changed to a soft diet. Tlie cliest 
tube was removed on the fourteenth da 3 '. Since this time, the patient has returned to 
his work and has had no further complaints. 


DISCUSSION 

A revieiv of the literature reveals 6 eases-’ of rapture of the lower 
esophagus, following nonpenetrating trauma to the epigastrium and lowei’ 
chest. Five eases died without a diagnosis, the sixth® survived with closed 
drainage. It is believed that the forceful ejection of the patient’s breakfast 
from his mouth immediately upon being struck by the track is significant 
since it demonstrates the rapid emptying of gastric contents into the esophagus. 
Most eases of postemetic rapture of the esophagus occur when the patient 
vomits following ingestion of a large meal, or a heavy drinking bout. Because 
the rapture in the above ease was identical with the type known as postemetic 
perforation, one may assume that similar etiological factors are present in 
the two groups of cases. Both have in common the forceful ejection of gastric 
contents into the anatomically weak lower esophagus. The lack of survivors 
following indirect trauma denotes a general unawareness of this type of chest 
injury. Early definitive treatment gives good results, as evidenced by the 
large number of successfully repaired postemetic esophageal raptures. An 
awareness of the possibility of esophageal perforation from nonpenetrating 
injury null certainly lead to the early discovery of the lesion, since diagnosis 
is easily accomplished by simple radiologic procedures. 

SUaiJIARY 

.A case of rapture of esophagus due to a blow upon the stomach is reported 

(1) because of the light it throws on postemetic rupture of the esophagus, and 

(2) because of its successful treatment by primary repair. 

Both types of rupture have in common the sudden forceful ejection of 
gastric contents into the anatomically weak lower esophagus. 

Early diagnosis by roentgenologic studies is mandatory. 
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of the lower esophagus. Upon admission to the hospital in Sioux Palls, a swallow of 
Lipiodol was given, and the site of perforation was noted (Pig. 1). Sixteen hours after 
injury, the chest was opened through the bed of the ninth rib. Serosanguineous fluid was 
noted in the thoracic cavity. The mediastinum was marlcedly distended with most of 
the distention present in the inferior pulmonary ligament. The mediastinal/pleura was 
opened by cutting the inferior ligament up to the inferior pulmonary vein ''n^-ge amount 
of gastric content was removed from the mediastinum. Perforation ' * d in the 

posterior lateral aspect of the esophagus, immediately above the sured 

1.5 cm. in length. The mediastinum was irrigated with quarts of a? 

extensive debridement was carried out. The laceration was close 
silk sutures. The chest tube was sutured to the diaphragm, in 
perforation, and brought out the posterior axillary line in the nintl 
The patient’s postoperative eour, ' relatively uneventful. 
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Of Uie lower esophagus. Upon admission to the hospital in Sioux Palls a swallow of 
Lxpiodol was given, and the site of perforation was noted (Pig. 1 ). SixSen W Tfte 
in,ar3, the chest was opened through the bed of the ninth rk Serlangkneous fluk wll 
ted in the thoracic cavity. The mediastinum was markedly distended with most of 
the distention present in the inferior pulmonary ligament. Tlie mediastinal/pleura w^ 
opened by cutting the inferior ligament up to the inferior pulmonary vein. A large amount 
of gastric content was removed from the mediastinum. Perforation was located r'e 
posterior lateral aspect of the esophagus, immediately above the hiatus, and measured 
1.5 cm. in length. The mediastinum was irrigated with quarts of normal saline, and an 
extensive debridement was carried out. The laceration was closed with interrupted 3-0 
silk sutures. The chest tube was sutured to the diaphragm, in close proximity to the 
perforation, and brought out the posterior axillary line in the ninth inner space. 

The patient’s postoperative course was relatively uneventful. Three hundred cubic 
centimeters of serosanguineous fluid was aspirated from the right thora.x. On the fifth 
day the temperature was normal. On the seventh daj-, the Levin tube wa.s removed and 
the patient iias started on a clear liquid diet. On the tenth day, the patient was advanced 
to a full liquid diet which, by the fourteenth day, was changed to a soft diet. The chest 
tube w'as remoi'-ed on the fourteenth day. Since tin's time, the patient has returned to 
his work and has had no further eoniplaints. 


DISCUSSION 

A revieiv of the literature reveals 6 cases-’ of rupture of the lo'vver 
esophagus, following nonpenetrating trauma to the epigastrium and lower 
chest. Five cases died without a diagnosis, the sixth® suiwived with closed 
drainage. It is believed that the forceful ejection of the patient’s breakfast 
from his mouth immediately upon being struck by the truck is significant 
since it demonstrates the rapid emptying of gastric contents into the esophagus. 
Most eases of postemetic rapture of the esophagus occur when the patient 
vomits following ingestion of a large meal, or a heavy di’inking bout. Because 
the rupture in the above ease was identical with the type known as postemetic 
perforation, one may assume that similar etiological factors are present in 
the two groups of eases. Both have in common the forceful ejection of gastric 
contents into the anatomically weak lower esophagus. The lack of survivors 
following indirect trauma denotes a general unawareness of this type of chest 
injury. Early definitive treatment gives good results, as evidenced by the 
lai’ge number of successfully repaired postemetic esophageal ruptines. An 
awareness of the possibility of esophageal perforation from nonpcnetiatine 
injury will certainly lead to the early discoveiy of the lesion, since diagnosis 
is easily accomplished by simple radiologic procedures. 


SUMMARY 

.A ease of rupture of esophagus due to a blow upon the stomach is 

(1) because of the light it throws on postemetic rapture of the esop a,, -, ^ 

(2) because of its successful treatment by primary repair. 

Both types of rupture have in common the sudden force u ejec i 
gastric contents into the anatomicaUy weak lower esophagus. 

Early diagnosis by roentgenologic studies is mandatory. 
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experimental use oe nylon mesh for 

ESOPHAGEAL SUPPORT 

Thomas C, Moore, M.D., and Gustavo Bounous, M.D., Indianapolis, Ind. 


succESSFUE clinical use of fine mesh nylon for support of a markedly 
I weakened segment of esophageal wall and for the satisfactory function 
of this repair, for 3 years following operation, has prompted this investiga¬ 
tion lelative to the suitability of fine mesh nylon for esophageal suppoi’tP® 
Ihe usefulness of fine mesh n3don in providing needed support for 
anatomically weakened structures in various parts of the body, both experi- 
mentallj’’ and clinically, is well recorded in medical literature. The clinical 
utilization of nylon mesh in the repair of abdominal wall hernia defects was 
first suggested and carried out by Aequaviva and Bourret^’ in 1944. Since 
that time, a number of clinicians have reported the successfrrl use of nylon 
mesh in hernia repair,'*’ Testa,-® in 1951, was the first to study 

the suitability of nylon mesh in the repair of experimentally created defects 
in animals. He employed a wide-mesh monofilament nylon with success in 
the repair of museulofascial abdominal wall defects in rabbits. The senior 
author and Siderys/^ in 1955, used fine-mesh nylon experimentallj’^ to repair 
large abdominal wall defects in dogs. Satisfactory repairs wei’e obtained and 
the njdon mesh was found to be tolerated well, both on gross and microscopic 
examination. 


Nylon mesh had been emploj’ed with success in obtaining anatomic sup¬ 
port in other areas. Vargas and Detei'ling-^ have described the use of nylon 
iiet in the external support of blood vessel gi'afts and aneurysms. The use of 
nylon mesh in the repair of diaphragmatic hernias has been reported by 
Adler and Pirme.® Porell and Parsons^* have recently recorded the siiccess- 
ful use of nylon mesh in 2 cases in the repair of troublesome pei’ineal hernias 
which developed as late sequelae of pelvic exenteration. 

Although impervious sjmthetic tubes have been emploj^ed both expeii- 
uieutally and clinically for esophageal replacement, the authors have been un¬ 
able to discover any published experience udth the use of fine-mesh nylon or 
esophageal sirpport. For this reason it has seemed desirable to record oirr 
experience -with the use of fine-mesh njdon in the repair and support o 
partially resected segments of the wall of the esophagus. 

TYom the Department of Surgery, Indiana University 
EducaS a^lSv^fIrTpubi?c”UaUh“ WhiWomb Kiiey Memoriai Associa- 

Uon, and The Indiana Heart Foundation. 

Keceived for publication May 12, 195S. 
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MATERIAL AND AIETIIODS 

Healthy mongi'el dogs ivero used. A mixture of oxygen and ether, de¬ 
livered through an endothraeheal tube by means of a mechanical respirator, 
was employed for anesthesia following induction with intravenous Pentothal. 
A left sixth intercostal space thoracotomy incision was employed. 

'When the left chest was opened, the lower third of the esophagus was 
dissected free from surrounding stnieturcs. Straight Potts coarctation clamps 
were used to cross-clamp the upper and lower portions of the freed-up segment 
of esophagus. The Potts elamiis prevented bleeding from the esophageal 
musculature dui'ing its e.xtranmco.sal resection and greatb’ facilitated the 
di.ssection by providing a bloodless field. They also made easier the exposure 
and manipulation of this segment of esophagus. Ksophageal injuiy did not 
appear to have resulted from the ii.se of these clamps in any of the animals 
studied. 



1 —Photoffraph of the esophagus, at the time of operation, sliowine the appearance of 
the flne-mesii nylon patch immediately after Its placement. 

With an area of esophagus secured between Potts coarctation clamps, 
an oval segment of esophageal musculature rvas resected. The denuded areas 
of esophagus averaged 2.5 by 3.5 cm. in size. It soon became apparent that 
relatively little weakness in the wall of the lower esophagus of the dog was 
produced by an extramueo.sal resection of muscle iu this area. The mucosa 
and submucosa of the lower portion of tlic canine esophagus are rather thick 
and possess a surprising degree of strcngtii. The defect which had been 
created in the wall of the esophagus was repaired by suturing in place, with 
some slight overlap, a patch of stei'ile nylon mesh (241-F).® The nylon mesh 
contained 270 by 204 threads per squai-e inch. Interrupted sutures of 4-0 
or 5-0 silk were employed (Fig. I). The Potts clamps were released when the 
nylon mesh patch was secured. 

The chest wall was closed in laj’crs and a catheter which was left in the 
cliest during the closure wa.s aspirated and withdrawn. Esophageal defects 

•The nylon was obtalneil from Stoliti Company, Inc, 13T2 Broadway, Xew York. N. Y. 
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were created and repaired with fine-mesh n 3 don patches in this manner in 11 
dogs. In 4 additional dogs, defects were created, bnt were left nnrepaired, 
to serve as controls. 


RESULTS 

All 4 of the control dogs were sacrificed between 3 and 4 months follow¬ 
ing operation. There was no evidence in any of the animals of Imlging or 
distortion of the esophagus or of ischemic or necrotic change in the area of 
muscle resection. Weakiress of the esophageal wall in the area of the muscle 
defect could not be demonstrated by distention of the esophagus with water 
under pressure. From these observations, it was apparent that significant 



satlsSrl-" 
months after operation. 

esophageal weakness 

esophageal musculature m the do,,. without the development 

sive resection of the musculature could 

of ischemia or other disturbances in t le ^ ^ ^ 

The fine-mesh njdon appeare to ® ® ^ esophageal musculature (Fig. 

mals in which it was used to lep ^ esophamis containing the njdon 
2). Post-mortem studies »* *“^2, {oUowing operation in 2 animals and 

e” —rdtt :ntops>^ and no hniging eonld he demonstrated 
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in the “supported” area by distending the excised segment of esophagus 
with water under pressure. A remarkable absence of gross reaction in the 
surrounding tissue to the presence of the nylon patch was obsei-ved. In all 
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of the animals, the nylon patch and all of its securing interrupted silk su¬ 
tures had remained intact and in place. There was no evidence of fluid ae- 
cumulation, encystment, or infection in any of the animals. A minimal de¬ 
gree of transverse wrinkling of the fine-mesh nylon was encountered in 1 
of the animals. There was no wrinkling of the nylon patch in the 10 re¬ 
maining dogs. Neither scarring nor constriction of the esophagus were 
noted at the site of graft placement in any of the animals. The esophageal 
mucosa in the areas supported by the fine-mesh nylon graft was normal in 
all of the animals. 

Microscopic study of the areas of nylon replacement of esophageal muscu¬ 
lature revealed excellent tolerance of the nylon patch (Fig. 3). Virtually 
no reaction in the tissue sui'rounding the foreign body was encountered. The 
nylon patch in all of the animals appeared to be firmly incorporated into 
the surrounding tissue through the invasion of its interstices with fibroblasts. 
There was no evidence of gross or microscopic damage which might have rc- 
.sulted from the use of the Potts coarctation clamps for hemostasis and 
manipulation of the eso])hagus during operation. 


DI.SCUS.SIOX 


From a review of the litei'aturc, it is apparent that little harm can 
come from leaving a small area of submucosa bare of muscular covering. 
Small areas of mucosa are frequently and successfully left bare intentionally 
in other portions of the alimentary tract, e.specially in performing cardiac 
and pyloi’ic myotomies at the extremities of the slomach. Tn the dog with 
its thicker and more .substantial esophageal mucosa, even larger areas of 
.siibmucosa, as this study would seem to ijidieate, may be left barren of mus¬ 
cular covering and support with safety. 

The principal published clinical experience with extramucosal resection 
of segments of the wall of the thoracic esophagus concei-ns the .surgical man¬ 
agement of benign tumors of the esophagus, mainly leiomyomas.®’ ^ fo 
most cases, the defect following removal of a leiomyoma has been repaued 
succes.sfully by approximating the ad.iacent esophageal muscle over the de¬ 
fect. Occasionally the remaining mucosa is quite thin and further steps may 
be required to prevent its subsequent destruction. In 2 of the 11 cases le- 
ported by Harrington,® extremely thin areas of remaining mucosa weie in¬ 
cised and the remaining mucosa was closed with the recon.struction of t le 
outer wall of the esophagus. However, when larger extramucosal delee s 
occur it is apparent that such means cannot be resorted to without jcceplmg 
the risk of significantly narrowing the lumen of the esophagus. Jt is a . o 
desirable to avoid entering the esophageal lumen whenever possible. 
difficulty has been reported following extramucosal resection ol be g 
esophageal tumors. Meade,® in discussing the paper of Sweet and ; 

ates “ reported that one of two extramucosal resections was complieat 
Sintegiation of the mucosa and the death of the patient. t is po.s.sible 
that other difficulties may have occurred, but have escaped publica . 
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Benign csopliageal tumors, on occasion, may completely encircle the 
esophagus and may involve a rather considerable length of this structure. 
Nisson,’^ in 1949, reported the extranineosal removal of a large, circum¬ 
ferential leiomyoma from 10 cm. of the esophagus. The rather lengthy seg¬ 
ment of barren mucosa vas wrapped in a pedicle flap of lung tissue and the 
patient survived. Other measures, .such as the use of pleui'al flaps, have been 
reported for the support of weakened ai-oas of esophagus. 

Although significant weaknesses in the esophagus wall could not be pro¬ 
duced by the techniques of extramueosal rc.section employed in this study, 
as illustrated b 3 ' the experience with the control animals, the abilitj' of njdon 
mesh to .support areas of anatomic weakness in the human bodj' is well esfah- 
li.shed. It may be assumed that this ability woitld be as effective in support¬ 
ing esophageal weakne.ssos as those occurring elsewhere. One of the more 
important facets of this study was the demonstration of the tolerance of the 
esophagus for the nylon mesli and the capacity of the nj-lon mesh to remnin 
intact and in place, despite the movement and changes in size to which the 
esophagus is subjected during deglutition. The nylon mesh wa-s tolerntca 
well in the wall of the esophagus, both grossly and microscopicallj'- H cm- 
kling seldom was encountered. There was no fibrosis or contraction of the 
nylon giuft and neither stricture or narrowing of the esophageal lumen wa.' 
encountered. The appearance of the undcrljdng mucosa remained normal t 
all eases. Neither fluid aceumulation, enej-stment. nor infection oecurrix.. 

The cross-elamping of the esophagus above and below the area o: 
mucosal resection mth straight Potts coarctation clamps promiJo o' .< 
valuable aid in the handling of the esophagus and in pei’miffing the u v, 
to be carried out in a bloodless field. This maneuver appe-uv-.i Jo Iv 
ated well and was not associated with any carl.v or late miJewjr.r ri •'N 

SU3I3IABY 

The .suitability of njdon mesh in proridim: .snpp vl f'S 
weakened structures is well established. The iim’ oi Ty'’' ' • 

replacement of resected extramueosal segments of !--.r.pl,Rmj- i r-o 
reported. The nylon mesh was tolerated quite well .-.r-d T.'ruijfr 
attached to the margins of the artificialh" rn-ate! •ISt-!-- 
periods of observation in all of the animals stndh-d Ti-'.-f v.-vi c-'mr.Ug' 
dom from searring, encystment, and infeetUm v: JU. The ’cs; :: rr-'--— 
nj’lon for added esophageal support when needed is Jwur.x'':- i. 

The use of noncrushing, mnititoofhed Potts o'crf.xii la elir.'.t'ss fov bA*'- 
dling the esophagius, and permitting work npnn it in a bloodless field, 
described. 
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BRONCHOPULMONARY MONILIASIS 


Treatment by Segmentectomy 

]ohn H Kenned), M D, San Diego, Calif 

B BONCHOPULJioNABi monilijsis, ail iiifectiou of the lungs by Candida ul 
bicans, has been ieeogni7cd foi oiei half a ceiitm'j lliiniitz and Tesnei* 
lepoitod the fust snecesstul surgical extiiiiation of localized broiichopnlmoiiai> 
moniliasis in 1947 In spite of the ineieasmg fiequoncj Mith wliioli ciicnm 
seiibed pulnionaiy lesions of obscute oiigiii aic excised os a dngiiostie and 
theiapeutie maneuvoi, no othci lepoits of successful siugical tieatment oi this 
unusual pulinonarj disease hate been loiiiid in the litciatuie It is the puipost 
of this leport to iccoid a second successful suigml maiingcment of bioncho 
pulniomiy moniliasis 

CISE KEPORT 

A mTrncd \\hite nun, a nati\c of Ivtw "ioik, 35 >cars of age, ^^as admitted to feenpps 
Memorial Hospital, La JoUa, Calif, on Nov 14, 1956, complaining of recurrent Jiemoptysis 
for 2% years nicrc uas no history of exposure to tuberculosi*? TJie patient ^^as stationed 
in the southwestern region of the United States during the Second World War until Jus 
separation from tlie mditarj service on a medical «iurxoj bocauso of essential hjpertenbiou 
Five jears previous!j, following a trip to Nevada, the patient noticed an upper respirutorx 
infection uith fcicr and nonproductive cough, following uhicli a photofluorogram at a public 
health department facility showed infiltration in the left mid lung field in which a cavity 
subsequently appeared Intradcrmal injection with purified protein dcriiatnc, USP, 0 1 
rag, and coccidioidin, 01 cc 1 100 dilution, produced a positive reaction Cultural exam 
motions of serial sputa were negative for tubeiclc bacilli and fungi at this time The 
patient was observed for 9 montlis with a presumptive diagnosis of cavitarj coccidioidomycosis 
witliout evidence of change in status 

The patient had smohed forty cigarettes per day for over 10 jears and noted a cough 
productive of approximatelj 3 cc of grajish white mucoid sputum each day which contained 
small black particles He reported djspnca on climbing one ilight of stairs 

In 1953, because of recurrent hemoptysis, the patient had boLU hospitalized, at which 
time bronchoscopy and bionchographj were reported to show no abnormahtj Over the 
ensuing 2^ jears, the patient noticed gross hemoptysis, often lasting one daj, and accom 
Iionicd bj some left anterior chest pain, occumng approximately once per month 

The family history and occupational lustorj were not remarkable, and the review 
of systems was otherwise noncontributory 

Physical examination revealed a well nourished man who did not appear ill, weight 
16S pounds, height 6S 5 inches, temperature 98 6“ F, blood pressure 150/80 mm Hg, heart 
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late 80, and respirations 20. Other than for a small crusting lesion, resembling epider- 
mopliytosis, posterioi to the medial malleolus of the light ankle, the physical examination 
nas entiiely noimal. 


Examination of the mine levealed no abnoimalities; hemoglobin was 14 grams pei 
cent, the cry tin ocy tes numboied 5.2 million and leukocytes 6,400 per cubic millimeter with 
a normal peripheral lilood smear. Gultuics for fungi taken of skin scrapings from the 
scaling lesion of the right foot shoned no mycotic forms in 1 month. There weie no 
luboiclc bacilli in the sputum in cultural examination of three specimens, and three specimens 
of sputum of the same unusual chaiacter with small black particles in it grew pure cultuies 
of Candida albicans on modified cosin-mcthylcne blue medium after the method of Weldw 
(.San Diego County Department of Public Health Laboiatoiy). A complement fixation test 
for Coccidioidcs immitis nas 3-plus in the 1:2 dilution, which was tliought to be nondiagnostic. 
A pulmonary ventilation study was noimal before and after a bronchodilator. 





*1 


Fig. 1—Pieoperative roentgenogram of the chest A cavitj- can be seen in tlie left mid n 


In a roentgenogram of the lungs (Fig. 1), there appeared a cavity in t e e in 
field which in the lateral view appeared to lie in the superior segment of tie e on 
Planograms failed to reveal calcification in the nail of the cavity ® , 

associated lesions. Preoperative bronchoscopic examination revealed no amoi y. 

Surffical Prooedme.-On Nov. 15, 1956, a left thoracotomy WM fthe 
fifth intercostal space. There was no free fluid, nor any evidence of p _ j j^ft 

apex of the left Lg there were multiple small bullae. In the supenoi ^ 
loaner lobe was a thin-walled cavitary lesion which could be segmcntec- 

sue, and scattered about it were a number of ^^^^^teirupted suture closure 

tomy was carried out with ligation of the segmental "f, ten upted sutures 

of L segmental bronchus. The raw lung surfaces were inth nter upt 

of 4-0 silk Anterior and posterior catheter drains were placed in the 



Volume 37 
NJ( mber 2 


BRONCHOPULMONARY J^fONTLIARlS 


233 


niid tliP eiglitli posterior interspace nnd connected to water seal drainage The patient re 
ecived 2,500 c c of vltole blood during the procedure, and the thoracic incision vias closed 
in lasers nith silk 

Poatopcrativclj, the paticut^s comalesccnce was uneventful The gross pathologic 
specimen is shown in Fig 2, and there can be seen a thick walled cavitj measuring 3 cm in 
maximal diameter The wall averaged 2 to 3 mm in thickness and v\as firm and grajish 
white Jlicroscopic evaminatiou (Thomas A Lo Strange, MD ) showed the above described 
cystic lesion to be partiallv lined with bronchial mucosa showing foci of squamous mefa 
plasia Communication with a bronchiole is demonstrated in Fig 3 The majority of tlie 
cjstic area was lined bv fibrous tissue, into which there was a marked chronic infiininia 
tory cellular infiltration The fibrous tissue was covered with a hemorrhagic exudate 'VNithin 
the cavitj of the lesion, definite spore forms with mycelu were demonstrated witli peiiodic 
acid Schiff stain technique These fungi were consistent with Candida albtcans The ad 
jaeent pulmonary tissue surrounding the c>stic lesion ‘»howed marked scarring, atelec 
fasis, and chronic inflammatory changes MuUiiiuclcated cells although not numerous, were 



Pl/r 2—The resected superior segment of the left lower lobe The arrow indicates the cn\Stj 

demonstrated A liigh power view of myrelia demonstrated with periodic acid‘nehiff stain 
tecliniquc is shown in Fig 4 

Four months postoperative!}, although the patient felt vvcll and had returned to work 
and had noted no further bleeding episodes, he noticed a return of small amounts of mucoid 
sputum containing small black particles Culture of tlie sputum was again positive for 
Candida albicans As at that time there was no other effective fungicidal agent nvailabh, 
the patient was treated with inlialation thcrapv using a bronchodilator and an aerosol of 
lirillnnt green dye in a 1 200,000 dilution by positive pressure therapy for 1 inontli 

The patient has now been well 1 year, raises no sputum, h is had no furtlier bleeding epi 
sodes, and the small amount of mucoid secretion which the patient raispa from Ins broiirhial 
tree shows no euUural evidence of fungi 
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DISCUSSION 

Pulmonan moniliasis is not as laie a disease as is geneially assumed, being 
next in frequonej to actinom}cosis among the mycotic diseases of the lung" 
Although Candida albicans is a saprophite piesent m the hod} in health, it 
lias been slioiui to ha\e the abiliti to produce an iinasite and ooeasionalh fatal 
pulmonan infection" “ ’ The medical management ot this disease has been 
difficult and laiiable Kass, Sasano, and Klein-’ repoited successful tieatment 
of one patient uitli brilliant green aeiosol inhalation Successful tieatment tilth 
brilliant gieen aerosol has likctnse been icpoitcd by Smith and Annan,® in 1955 
Jloie recently Scott has reported a possible case of pulmonan moniliasis in 
voliing both lungs tilth dramatic lesponsc to potassium iodide tlieiapi and has 
discussed the adicnt of a iicii fungicidal agent, Amphoteiiciii B 


SUMMAHX ' 

A case of simptomatie caiitait bioiiehopuliiionari moniliasis suceessfulli 
tieatcd bt sogmentcctom} and postopcratiie biilhant gicen aeiosol therapt has 
been teportod It is believed that this is the second tepoited successful suigical 
tieatment of this disease 
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SOLITARY RHABDOMYOSARCOMA OF THE PLEURA 
Report of a Case With a Note on the Nomenclature of Pleural Tumors 

/. T. Dithig, Ai.B., D. Path., Boston, Mass. 


O NE of the features of striated muscle tumors is their frequent occurrence 
in sites in which striated muscle is either scanty or absent. This fact has 
led to much speculation on the tissue of origin of rhahdomyoniatous tumors 
which arise in such places. A neoplasm illustrating this aspect of ahnoimal 
muscle cell growth is seen in the following ease, which is also remarkable for 
the similarity of the clinical and gi'oss pathologic findings to those foimd in 
many eases of solitary fibroblastic pleural tumor. 


CASE REPOET 

Clinical History.—A male retired plumber, aged 69 years at the time of lus death, 
was first seen 3 years before thi.s, when his main complaints were recurrent_ chest pain 
and increasing breathle.ssness on exertion. The-sc symptoms had become increasing} s \ 
since an attack of an -influenr.a-like” illne.ss some 4 years before, f and 

that he was now getting bouts of fever with shivers and lie had a ^ ^hreath sounds 

.welling in the joint, of the «„ge,s. Physienl e.nn.lnntion tev.nle. y™’’'. 

and diminished movement over the left side of the chest and .a mo era ® ® 

trophic pulmonarj' osteoarthropathy of the fingers and toes. A c les ra i S 
sequent fluoroscopic examination showed a large opacity with a 2"'° > 
border in the left side of the thorax with displacement of the -rdiac ^admi 
No fluid was obtained on attempted thoracentesis and this, com line intrathoracie 

appearances, prompted the radiologist to suggest the diagnosis of ^ b«" ^ ^ 

tumor. Bronchoscopy revealed no abnormality. Fluid aspirated 

negative tor malignant cells and numernns snhs^n.nt ”1“ as e.n.iie'j '« 

negative for both nmlignant cell, and tnborclc bac.ll,. Cy “' >> 

have an inoperable carcinoma of the lung and a course o P intermittent courses 

was ins.itn.cd. Then followed a period of 2 treatment, 

of this therapy to the chest lesion, with some f'’':'*:™ general 

persist with the deep roentgen therapy. ^ natient and he was re- 

Increasing exertional dyspnea now ^ I jgit. At this time, he was 

admitted to hospital, 2 years and u months after his initial v 

Austrana._v^(^ for publication May 5, 1958. 
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notod to ImM) inaiked clubbuijf of the hn^eis und toes, he uas d^spiicie on tlie blightiist 
(xcrtion and the chest radio^aphs showed a total opacity of the left side of tlio thorax 
With bod rest, the patient's condition improved sufficiently for him to bo discharged fiom 
the hospital, but he uas readmitted 2 months later, again complaining of sG\Gre exertional 
d^&pnoa lie non Imd dvsiuica even at rest and he had noticed suelhng of the feet and 
angles Slight cyanosis uas evident and lie had a mild pjrexia. A pleural biopsy uas 
considered but dismissed because of the patient's jioor general condition. Death occurred 
promptly. The total duration of sjmptoms uas approximately 7 ^cars. 

Jntopsy Findings —Autopsy uas performed 13 hours after death. Gross h^pertrophio 
l)uIinoimr> osteourthopathj of the fingers and toes was noted on external examination and 
subsequent dissection of tlic in\ohcd joints confirmed this Pitting edema of the feet and 
ankles uas present. As uas anticipated, all the findings of importance uero confined to 
the thorax. Here, there uas a gross mediastinal shift to the right due to a largo tumor in 
the left pleural caiitj. This tumor measured 30 by 15 bj 12 cm in its largest diameteis 
and it lay quite free in the pleural space, the Msceral and parietal pleurae being quite 
siinplj separated from the tumor mass. Several fibrous strands ran from the pleural sur 
faces into the tumor, these being most marked over the area of the fourth, fifth, and sixth 
libs just anterior to the costovertebral junctions Adhesions were also seen over the lower 
portion of the neoplasm anteriorly, where fibrous strands attached it to the visceral pleura. 



Fit? 1 —Cut surface of tumor Scale In centimeters 


No definite point of origin of the tumor from surrounding structures could be dtmonxtratcd 
and no connection uitli the intercostal nerves or tho sympathetic chain uas notod. The 
tumor uoighcd 2,694 grams and appeared to be quite encapsulated, except in its supero 
lateral portion where extensive necrotic change had taken place TJic capsule u.is smooth 
and glistening and showed quite distinctly the smooth lobules of underly^ng tumor tissue 
TJie cut surface of the tumor (Fig 3) revealed a mass composed of firm nodules of tissue 
which varied in color from pale pink to grayish white, some of the nodules being up to 
3 cm m diameter WTiorls and trabeculae of what appeared to be fibrous tissue could be 
seen encircling and passing through the tumor masses Numerous soft yellow areas of 
necrosis with occasional areas of hemorrhage were also seen and in the upper portion of 
the tumor this had progressed to almost complete liquefaction necrosis This uas thought 
to be the efTeet of the deep roentgen therapy. At no point uas any invasion of the capsule 
seen and no invasion of any of the underlying tissue could be demonstrated. The pleural 
cavity contained approximately 900 ml. of dark hemorrhagic fluid, duo to the liquefaction 
necrosis of the upper portion of the tumor. 
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The underlying left lung was collapsed and the bronchi grossly infected, while the 
ngit lung also showed areas of collapse and bronchopneumonia. Dissection of the pul¬ 
monary bronchi was carried to their finest radicles but no tumors could be demonstrated. 
Some atherosclerosis was present in the vascular system, the liver showed evidence of passive 
venous congestion, and some enlargement of the prostate was seen. No other tumors were 
found at autopsy despite meticulous search. 


Microscopio Findings .—Microscopic examination of a number of organs and tissues 
including the thoracic tumor was undertaken, the material being fixed in 10 per cent formol 
saline. Representative blocks were cut and stained by a variety of methods, those used 
being Mallory’s phosphotungstic acid hematoxylin, Grossman’s modification of Mallory’s 
connective tissue stain, van Gieson, Masson’s trichrome technique. Foot’s reticulum stain, 
and hematoxylin and cosin. The pulnionaiy tissues showed areas of atelectasis with much 
pyogenic infection and necrosis but no areas of neoplasia. The prostate was subjected to 
meticulous search but benign lobular hyperplasia only could be demonstrated. The liver 
showed some venous congestion. Tlie pleuial tumor exhibited a quite extraordinary ap¬ 
pearance and multiple blocks were studied, all the above-staining techniques being employed. 
The most striking feature -was the presence of aicas of large eosinophilic cells with granu¬ 
lar cytoplasm, many of them multinuclcate and showing a variety of forms (Fig. 2). Round, 
triangular, and elongate cells were seen, some. 40 to 50 microns in diameter, the majority 







'W 

<< -f. fA.-. 

Fig. 2.—Collection of large granular eosinophilic myoblasts. (Hematoxylin and eosin, X150. 

reduced %•) 

having between 2 and 4 nuclei. These nuclei t\ere generally eccentrically placed in 
the cell and exhibited prominent nucleoli with a fairly loose chromatin pattern an - 

a perinuclear halo. The tissues appeared edematous and this seemed to ave pro uc 
some separation of the cells. About and among these areas of large eosinop n ic ce , 
many straplike and spindle-shaped cells could be seen, some fairly short an p urap v 
others were slender, threadlike cells. Many of these ceUs appeared to be composed 
longitudinal fibrils and on close examination in well-differentiated ^ these 

cells were seen to show definite cross striations (Figs. 3 and 4). As the figu s si w, tlmse 
cross striations were demonstrated with equal facility by the 
toxylin technique or the routine hematoxylin and eosin P-P^f 
stains revealed a well-developed fibrous stroma. Large areas of the 
consist solely of hemorrhagic, necrotic material and, in these areas, 
lost, often the sole surviving cells being a few fibroblasts. 

These large granular eosinophilic cells had the -PPJ™ ^ X£te cross striation, 
the finding of cells composed of longitudinal fibrils, which exhibited definite 
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confirmed the liistologio diagnosis of a tumor of striated muscle. The final diagnosis was 
rliabdomyosarcoma of tlie loft pleural cavity with atelectasis of the left lung and broncho¬ 
pneumonia of both lungs. 


DISCUSSION 

Rhabdomyomafoiis tiimoi's of the thoracic wall have been deseribod by 
Stout‘= and CapelP and they have also been described within the substance 
of the lung.'“ Kirshbaum® and Perry and Smitlp' liavc reported the occur¬ 
rence of malignant striped muscle tiimore in the diaphragm, which .spread to 



PIgr. 3.— Well-deflneil cross strlatlons In strapllke cells. (Hematoxylin and eo^ln; X400: 

reduced *5.) 



Pig". 4 .—Cross striated fibers about large granular myoblasts. (Phosphotungatfc add hema¬ 
toxylin: Xl.OOO; reduced >4.) 

involve the pleural cavities. Wolfensberger'” first described an e.sophageal 
rhabdomyoma and the 4 previously reported eases of this i-arc neoplasm have 
recently been reviewed by DeJIiifh,” who added a fifth. Examples of intva- 
tlioracic masses of striated mnselc tissue arising in teratomata arc seen in the 
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reports of Helbing- and ZipkinThese observations show that rhabdomyoma- 
toiis tumors may arise in the region of the pleural cavities, but desipte this an 
extensive search of the literature has failed to reveal the report of a similar 
case to that just described. This is, perhaps, not a surprising finding when the 
unusual occurrence of solitary pleural tumors and the rarity of striated muscle 
neoplasms in the chest is considered. 

The origin of rhabdomyosarcomas has always been a source of interest to 
histologists. Willis^'' says that striped muscle neoplasms arise either in im¬ 
mature muscle tissue or in multipotent mesenchyme, attempting by this to ex¬ 
plain the young ago distribution and unusual site of origin of many of these 
growths. In this ease, it was unfortunate that at autopsy it was not po.ssible 
to define exactly the point of origin of the tumor. However, both Wolfens- 
berger'-"’ and Capelp have commented on the unusual pedunculation ivhieh 
lakes place when rhabdomyomatous tumors occur beneath a surface. It seems 
likely tliat this tumor arose in either subpleural striated muscle such as dia¬ 
phragm or in multipotent mesenchymal tissue situated between the lungs or 
the chest wall and the pleural lining cells. Subsefjuent pedunculation of the 
growth, in the same manner as that seen in these other striated muscle tumors, 
could have produced the final morbid anatomic picture. The intrapleural 
leioinyosaj'coma. described by Catron,■* which resembled the present neoplasm 
finite closely, seemed to arise in a similar fashion. The absence of any other 
abnormal tissues from the tumor excluded the possibility of a teratomatous 
origin for the mass. 

A further point of interest lies in the relatively benign character of the 
neoplasm. Capell and Montgomei’y* consider that those tamors which show 
well-differentiated myoblastic cells and which develop well-defined cross-striated 
fibere freciuently prove to be the most malignant. The present tumor showed 
both these features and histologically it was considered to be a malignant neo¬ 
plasm, yet, de.spite the fact that the mass mu.st have been present in the pa¬ 
tient’s ehe.st for man.y years, no invasion outside Ihe tumor capsule was found 
at autopsy. Previously Klemperer and Kabin® have commented on the ap¬ 
parently benign nature of certain neoplasms when the mass is wholly enclosed 
within the pleural cavity but they offered no explanation for this phenomenon 
and none has since been forthcoming. 

Consideration of Klemperer and Rabin’s work on intrapleural tumms 
raises the que.stion of the origin and nomenclature of these tumors in general. 
They recognized two types, a localized connective tissue group and a diffuse 
malignant epithelial group. They considered that the relatively benign localized 
connective tissue tumors arose in subpleiiral tissues and that subsequent growth 
and pedunculation of the mass produced the intrapleural site of the neopla.sm. 
Recently Stout and Himadi^® have suggested that all tumors which invo ve 
the pleura predominantly arise from pleural lining cells and that they be 
called mesotheliomas to denote such an origin. For several reasons this con¬ 
cept seems ill founded. It is recognized that tumors, situated within the pleura 
initially will produce similar clinical pictures but they do so by virtue o 
position not any special kinship between their constituent cells. The natuiai 
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)iistoiKi> of lopah/(rl pleiii.il tuinois in.n -san giPdllj, \\hile those ot tlic 
cliffiiso neoplasms consistcnth exhibit the widest possible \aiiatioii’ Main 
ot the lepoits ol supposed piimiii diffust pleuial tumors on ciitieal oxaini 
nation, pioio to ho examples of iiictastisis and contusion of these neoplasms 
with the localized eonneetne tissue txpes is eommoii At piesont, poifecth 
adequate names aie aiailihlc to denote eoiineetiM tissue giowtlis to add a 
furthei all embiacuin tcim to dcseiibe them, espccialh one which emhiaces 
such dubious entities as diffuse iileiiial tumois selves meielv to obseuie knovvl 
idgc ot then oiigiii The cells liiiiii" the picuia aic piobibh of mesenelivmal 
oiigin and it is possible that tlicv do "ivi use to tumois"' but to attempt to 
foice all pleuial neoplasms solitaiv oi diffuse, epithelial or inesonclmnal into 
oiu liistogenetie classification appeals highlv aitifieial When the tumor pos 
sesses deal evidciuc ot its lint ot difteieiitiatioii, as in the picsent case, it is 
also uniieccssai v 


suxniART 

A case ot ihihtlomvosucoma, solitaiv vvithiii the pleuial caviti, is de 
sculled Its possible hislogoiiosis is discussed and some toatuies of its behavioi 
consideiod 

The nomenolatuie ot pleuial tumois is hiioflj levievved It is felt that the 
use of the tciin “nitsotliclioma,” in the elassificstion of iiloiiial eonneotive 
tissue tumois, hiiideis undoistanding of tlicii natuic 

Mj tlmnlcs nre due to Dr A Pound for advice and to Dr A D D Pyo for per 
mission to use hospital records 
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BRONCHOGENIC CYSTS IN INFANTS AND CHILDREN 

Jack IF. Herrmann, M.D., Theodore C. Jeivett, Jr., M.D., and 
Giovanni Gallelti, Ai.D., BuJJalo, N. Y. 


r)UL5iONARY cystic disease in cliildren is a subject which demands further 
1. clarification, inasmuch as the prognosis is so dependent on early recognition 
and definitive surgical therapy. Since the appearance of the fir.st article on 
this subject in America by Koontz® in 1925, a great deal of information has 
been accumulated relative to this pathologic entity. However, in spite of the 
extensive literature, there is still much confusion concerning the nomenclature 
and classification of pulmonary cysts. Cooke and Blades'* tabulated twenty- 
eight synonjuns under which cystic disease of the lung is filed at the Armed Forces 
Institute of Pathology in Washington, and also collected nine others from the 
contemporary literatui’e. This multiplicity in terminology is undoubtedly 
a reflection of how poorly the pathogenesis of this disease is understood. 

The classification most generally accepted divides pulmonary cysts into 
congenital and acquired. This distinction, however, is based on specific histo¬ 
logic ci’iteria; that is, the congenital bronchogenic variety must contain some 
fonn of respiratory epithelium in contrast to the acquired group. That this 
distinction has not been gencrallj’' accepted is exemplified in an article by 
Conway,® Avho challenges the congenital origin of many of the pulmonary cysts 
he studied. Boyd® states that the so-called true congenital cyst may lose its 
characteristic respiratory epithelium following long-standing infection. He 
also notes that chronic pulmonary abscesses may have an ingrowth of bronchial 
type epithelium and thus simulate a true cyst. 

Most authors believe that pulmonary cysts arc derived from the tracheo¬ 
bronchial tree in one of two ways. During the fourth week of fetal life, two 
septa of epithelial oi’igin divide the primitive foregut into two components. 
The tracheobronchial tree is derived from the anterior portion while the 
esophagus originates from the posterior. If cells become detached at this time, 
groAvth will continue in an abnormal fashion, resulting in the formation of 
bronchial or gastrogenic cysts. The other possible developmental defect occurs 
during the third trimester of fetal life. It is postulated that at this time a bud 
involving a normal or supernumerary bronchus may be pinched off and separated 
from the tracheobronchial tree. A pulmonary cyst may then develop in this 
isolated segment. 


From the Department of Surgery. Buffalo Chiiaren’s Hospital, 
Surgery, University of Buffalo School of Medicine, Buffalo, N. 1. 
Supported by the Wood and Brooks Fund. 

Received for publication May 24, 1958. 
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All the pulmonary cysts reviewed in this study satisfy the criteria ol the 
congenital bronchogenic variety, inasmuch as their histologic characteristics 
include some elements of the normal respiratory tract (Pig. 1). AVe have 
subdivided these cysts into two main types based upon the presenting symptom 
complex which they produce, namely resph-atory distress or infection. These 
symptom complexes arise from the complications of pulmonary cysts which 
have previously been defined by Gross,’ Rardteh and Hardy,” and Allbritten 
and Templeton.' The children in tlie iii-st category entered the hospital with 



dyspnea and frequently with cyanosis These signs are the direct result of 
the space-occupying effect of the expanding lung cyst Children in the second 
group are examined because of .suspected pneumonia, pulmonary absccs.s, or 
recurrent bronchitis which actually arc manifestations of infection occurring 
within a c.vst. This study comprises a total of 12 patients treated surgically 
at this hospital during the past 15 years. 

THE EXPANDING PULAIONARY CYST 

The development of expanding pulmonaz-y cj'sts is now a fairly well- 
understood phenomenon. The essential mechanism for the production of this 
lesion is a flap-valve type of bronchial or bronehiolar obstruction. As the cyst 
grows lai-ger, it gradually compresses neighboring tissue and, in an extreme 
degree, may occupy such a major portion of the hemithorax that the med' 
tinum is forced toward the opposite side. This resul ' '''PT5ywrrence 
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further unpliysiologic states; (1) compression of the contralateral lung and 
(2) torsion of the heart and great vessels, particularly the venae cavae, with 
resultant obstruction to the return flo-w of blood into the right side of the heart. 
If this process continues unchecked, death from cardiorespiratory causes may 
folloAV. Occasionally an expanding cyst may rupture into the pleural space, 
resulting in a tension pneumothorax, an equally serious situation. 

Four of our patients ■were admitted either as acute or subacute respiratory 
emergencies. Included in this group were 2 boys and 2 girls. The youngest was 
1 day of age, the oldest just under 2 months. All 4 patients entered vdth 
the similar history of rapid and progressive cyanosis and dyspnea. Tlie 
pertinent physical findings Avere hyperresonance, decreased breath sounds, 
and evidence* of mediastinal shift as noted by the position of the apical heart 
beat. 



Although the clinical picture suggosted the 
cyst, this impression could be confirmed on y ^^^elPcircumscribed, thin- 

Koentgenograms (Fig. 2) revealed single or m ^p liemithorax. 

walled cystic structures which ivere occupying p parenchyma 

The cysts partiaUy or completely compresse confirmatory signs 

and demonstrated some degree of f ^ ,,,ere depression of the 

which indicated the expanding nature of the ^ ,ide. 

hemidiaphragm and Avidening f f-m 

Two lesions Avhich are most difficult and diaphragmatic 

the acutely expanding cyst are ^ ion pneumothorax from pal- 

hernia. It may not be possible to Jone by surgical explora- 
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tliiough an abdominal appioach, iilieieas the lattei can only be attacked by 
thoiacotomy When the diagnosis is in doubt, the best ladiologic technique 
to pioic the pieseiice of a diaphiagmatic heinia is by contiast study of the 
gastiomtestinal tract 

The tieatmeiit of oui 4 cases of expanding liuig cjsts faiily well exemplifies 
the eliangiiig attitude to this pioblem in the past decade Befoie the adient 
of the newer techniques of anesthesia and the concomitant adi ances ui thoiacic 
sui gel y, no attempt w as made to attack this cmei genoy dii ectlj Onlj siippoi tii e 
tbeiapj, consisting of oxjgen and needle aspiiation of the ojst, iias attempted 
and the lesulting moitaliti iias iiiiduh high In lecent xeais, due to the 
bettei iiiidei standing of the pin siologic pioblciiis associated with pulmonaiv 
lesection, the inoitalitj has been gieath i educed 

Tliiee patients had leseetions (one pnciimoncctomj and tiio lobectomies) 
Mith iineientfiil postopeiatnc coiiises The fouith died as a lesult of an eiioi 
in diagnosis This death occuired in an infant nho ivas thought to haic a 
diapliiagiintic henna In loentgenogiaphj and eonsequenth undeiwent lapa 
lotomi Befoie thoiacotoiin could be peifoimed, the child siiddenh died 
Tins case exemplifies the mipoitaiice of a collect pieopeiatne diagnosis iiheii 
multiple pulmoiian cists aic picsent 

The patliologi of the leseeted speeimens is siimnniized in Table I On 
gloss examination the specimens picscnted a faiih iinifoim pictnie Single 
01 multiple cysts could be seen Iniig iiitlini the lung paicncliiim iiitli simound 
iiig atelectasis On eioss section, they had a smooth, pale, glistening suiface 
Mith a glai-j tjpo of mucus on the wall Some iieie ciossed bj' fine tiabeculae 
iiheioas otheis iicie multiloculatod A bionchial conimunieatioii iias usualh 
demoiistiablc inflammation iias not pi eminent 


Table I Expamiixo Lunc Cists 


CASF NUMBEP | 

tOCATIOV 

1 KUatBFP OP CISTS 1 

2IIST0L0Q\ Ot CYST WAT 1 

1 

HMT. 

One large, numerous small 

1 

o 

Columnar epithelium 
Smooth muscle 

2 

RLh 

One large, numerous snnll 

1 

Columnar epithelium 
Smooth muscle 


RAIL 

Single Iirge 

] 

o 

Columnar epithelium 
Smooth muscle 

4 

LLl, 

Single large 

1 

> 

Columnar epithelium 
Smooth muscle 


In the management of the child uitb an expanding puliiioiiaij c\st, the 
folloiMiig points should be stiessed It is essential that the pieopeiatne peiiod 
OC 011 P 3 as slioit an inteual as possible and be coiiLCined onh Mith making 
the diagnosis Ouiing the time ncecssaiy foi caiiiing out diagnostic pioee 
dines, supportiic tbeiapj, mainh oxigcn, should be gnon Needle aspiiatioii 
of a tension cist plajs no pait in the definitne tieatment of this condition, 
as shown by Maier and Haight ’ Thoiacentesis should be lesened only foi the 
occasional ease ■which reqiiiies emergenci decoiiipiession until suigen can 
be peiformed Once the diagnosis is made, immediate tboiacotom} is mand i 
toij with remoial of the expanding cjst The tiqie of excision maj larj fiom 
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pneumonectomy to segmental resection. The lung should be completely palpated 
to deteimine the presence of additional cysts. If the lesions are in the lower 
lobe, a sequestrated lung should be suspected and a careful seareli made for 
the abei’i’ant arterial supply. 


THE SECONDARILY INFECTED CYST 

The secondarily infected pulmonary cyst occurs as a result of bacterial 
invasion of a previously sterile cj^st. Tliese cysts may be asymptomatic for 
years, and then suddenly make their presence Immvn in an explosive fashion 
as an acute inflammatory process. According to CrosAvell and King,® they are 
originally fluid-filled cavities ivithout bronchial communication and, as such, 
remain sterile. However, wdien perforation into a bronchus occurs, bacteria 
maj^ enter, resulting in secondary infection. Once inflammation has begun, 
it is difficult to control, since the caAdties seldom have dependent drainage. 
During the acute stage of the infection, there is usually extension of the process 
beyond the confines of the cysts, resulting in pneumonitis and, at times, em¬ 
pyema. HoAvCAmr, on adequate antibiotic tliei’apy, the inflammation may subside, 
but a nidus remains for later recui’rent episodes. Some cysts become a source 
of chronic pulmonary suppuration Avith broncliiectasis, and eventually pulmo¬ 
nary insufficiency deA'elops. 

Eight cases of secondarily infected pulmonary cysts Aimre cA^aluated in our 
study. These children Avere in an older age group than tliose Avith the expand¬ 
ing type of lung e 3 ^st. The youngest was 6 months and the oldest 9 years. Of 
these, 5 Avere male and 3 female. 

These eliildren Avith the secondarily infected e.A^sts liaA'C a classical clinical 
histoiy of intermittent respiratoiy infections Avith asymptomatic inteiwals. 
The first attacks ai’e usuall.A' interpreted as bronchitis or pneumonia. FolloAAUng 
several such episodes, JiOAA'-ever, roentgenogi’ams of the chest usually reveal the 
correct diagnosis. The most common sj^mptoms and signs in our patients 
during the acute stage of their disease AAmre those of pulmonary suppuration, 
namely, fever, dj’-spnea, cough, and purulent sputum. Physical findings wera 
not remarkable during the periods of remission, but during the acute attacks 
thej^ Avere suggestive of pneumonitis. Laboratoiy studies of a routine natuie 
onlj'’ confirmed the presence of infection, and frequentlj’’ demonsti’ated a 
previously unsuspected anemia. 

The radiographic picture (Fig. 3) seen in the secondarily infected ci^st 
differed from the expanding cyst in that tliei’e Avas little evidence of compression 
of surrounding structures. The cysts appeared extremelj^ round, smoothly 
outlined and thin-Avalled Avith varying degrees of pneumonitis and frequent 
CAddenee of fluid levels. The latter, hoAvcAmr, usually presented Avith a tliickei 
Avail and a great deal more surrounding pneumonitis. A second tjqie of lesion 
to be considered in the differential diagnosis is the staphylococcal pneumatocele. 
HoAvever, in this disease, pneumonia is the predominant feature. Furtliermoie, 
the natural course of this lesion is spontaneous regression over a period o 
months, Avhich never occurs in the true pulmonary cyst. 
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The differential diagnosis between the secondarily infected cyst and the 
previously mentioned pulmonary infections is often extremely difficult and 
rests in an accurate evaluation of the lustory, clinical course, and serial roentgeno¬ 
grams. Infected pulmonary cysts characteristically present as acute respiratory 
infections with relatively asymptomatic intervening periods, whereas, lung 
abscess entirely resolves without exacerbations or continues as a chronic sup¬ 
purative process. Eoentgenogi'ams may at times be of value in distinguishing 
these two conditions. This is of .some importance, since in recent years excellent 
results have been obtained in the treatment of tlie acute abscess v ith antil)iotics. 



pjff 3—Posteroanterior and lateral roentgenograms of tlie chest sliowing the \\eU-clt“ 
cumscrlbeu appearance of an Infected pulmonar> cjst ^\lth a fluid level and minimal 'lui- 
rounding pneumonitis 


In contradistinction, infection in a congenital cyst can only be controlled by 
chemotherapy, but never cured, inasmuch as tlie underlying cause still remains. 
Consequently, .surgery is the treatment of choice in the latter while conservative 
means should he employed in pulmonaiy abscess unless the course of the 
disease becomes chronic. 

The necessity of differ entiating the staphylococcal pneumatocele from 
inilmoiiary cyst.s is imperative as shown by the observations of Potts and 
Hiker'" and Pislior and Swenson,'’ who emphasize that staphyloeoeeal pncnmal- 
oeeles usually regress spontaneously. Thus, in any case in which the radio- 
gi’aphie interpretation is suggestive of lobar ectasia, the history, elimeal course, 
and serial roentgenograms over a period of several months should he reviewed 
before any thought is given to excisional surgery 

The preoperative preparation in children with secondarily infected pulmo¬ 
nary cysts can ho divided into two phases, (1) tliciapeutic and (2) diagnostic. 
Tire tlierapeutic considerations consist mainly of antibiotics to control the in¬ 
fection during tlie acute stage. Once this has been accomplished, therapy sliould 
he directed toward decreasing the tracheohronehial secretions to a miiiimuni 
by chemotherapy, iiosturnl drainage, and bronchoseopie aspiration, if necessary. 
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pneumonectomy to segmental resection. The lung should be completely palpated 
to determine the presence of additional cysts. If the lesions are in the lower 
lobe, a sequestrated lung should be suspected and a careful search made for 
the aberrant arterial supply. 


THE SECONDARILY INFECTED CYST 

The secondarily infected pulmonary cj^st occurs as a result of bacterial 
invasion of a previously sterile cyst. These C3’’sts may be asymptomatic for 
years, and then suddenly make their presence knorni in an explosive fashion 
as an acute inflammatory process. Aeeoi'ding to Croswell and King,® the}' are 
originally fluid-fllled cavities without bi’onelnal communication and, as such, 
remain sterile. However, when perforation into a bronchus occurs, bacteria 
may enter, resulting in secondary infection. Once inflammation has begun, 
it is difficult to control, since the caidties seldom have dependent drainage. 
During the acute stage of the infection, there is usually extension of the process 
bejmnd the confines of the cysts, resulting in pneumonitis and, at times, em¬ 
pyema. However, on adequate antiliiotic therapy, tlie inflammation may subside, 
but a nidus remains for later recurrent episodes. Some cysts become a source 
of chronic pulmonary suppuration with bronchiectasis, and eventually pulmo¬ 
nary insufficiency develops. 

Eight cases of secondarily infected pulmonary cysts were evaluated in our 
study. These children were in an older age group than those with the expand¬ 
ing type of lung cyst. The youngest was 6 months and the oldest 9 years. Of 
these, 5 were male and 3 female. 

These children vdth the secondarily infected cysts have a classical clinical 
history of intermittent respiratory infections vdth asymptomatic intervals. 
The first attacks are usually interpreted as bronchitis or pneumonia. Follovnng 
several such episodes, however, roentgenograms of the chest usually reveal the 
correct diagnosis. The most common symptoms and signs in our patients 
during the acute stage of their disease were those of pulmonary suppuration, 
namely, fever, dyspnea, cough, and purulent sputum. Physical findings were 
not remarkable during the periods of remission, but during the acute attacks 
they ivere suggestive of pneumonitis. Laboratory studies of a routine iiatuie 
only confirmed the presence of infection, and frequently demonstrated a 
previously unsuspected anemia. 

The radiographic picture (Fig. 3) seen in the secondarily infected cys 
differed from the expanding cyst in that there was little evidence of compression 
of surrounding structures. The cysts appeared extremely round, smoothly 
outlined and thin-walled with varying degrees of pneumonitis and frequent 
eiddence of fluid levels. The latter, however, usually presented with a thickei 
wall and a great deal more surrounding pneumonitis. A second tjqie of lesion 
to be considered in the differential diagnosis is the staphylococcal pneumatoce e. 
However, in this disease, pneumonia is the predominant feature. Furthermore, 
the natural course of this lesion is spontaneous regression over a period o 
months, which never occurs in the true pulmonary cyst. 
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The diffeieiitial diagnosis between the secondarily infected cyst and tlie 
previously mentioned pulmonary infections is often extremely difficult and 
rests in an accurate evaluation of the histoiy, clinical course, and serial roentgeno¬ 
grams. Infected pulmonary cysts eharacteristically present as acute respiratoiy 
infections with relatively asymptomatic intervening periods, whereas, lung 
abscess entirely resolves without exacerbations or continues as a eluonic sup¬ 
purative process Roentgenograms may at times be of value in distinguishing 
these two conditions. This is of some importance, since in lecent years excellent 
results have been obtained in the treatment of the acute abscess uith antibiotics 



Fig 3—Posteroantorfor and lateral roentgenograms of the chest sho'\Ing the ^^ell clr- 
cumscrloed appearance of an Infected pulmonary c%Rt with a fluid le\el and minimal sui 
rounding pneumonitis 


In contradistinction, infection in a congenital cyst can only be controlled by 
eliemotlierapy, but ncier emed, inasmuch as the nndeilying cause still remains 
Consequently, suigery is tlie treatment of clioice in flie latter ulule conseivativc 
means sliould be employed m pulmonaiy abscess unless the com so oi the 
disease becomes cliiomo 

The necessity of differentiating the stapliylococcal pneumatocele fiom 
pulmonaij cysts is nnpeiativc as sliowii by the olisenations ot Potts and 
Riker”’ and Pislier and Swenson,'' who empliasi/e that staplij’loeoec.il pneumat- 
oeeles usually legiess spontaneously Tims, in anv case in whieli the ladio- 
gi’apliic interpretation is suggesliic of lobar ectasia, the liistoiy, clinical course, 
and serial roentgenograms oter a period of seveial months should be levieved 
before anj’ tliouglit is giien to exeisional suigery 

The preopeiatiie preparation in childicn with secondarily infected pulmo- 
naiy cysts can be diidded into tuo phases, (1) tbeiapeutic and (2) diagnostic. 
Tlie therapeutic considerations consist mainly of antibiotics to contiol the in¬ 
fection during tlie acute stage Once this lias been accomplished, tlierapy should 
be directed fowaid decreasing tlie traclieobroncliial secretions to a minimum 
bj' eliemotlierapy, postural drainage, and bionclioseopic aspiration, if necessary. 
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Blood replacement prior to surgery may be necessary in many of these children 
with prolonged or recurrent infections. Diagnostic and therapeutic bronchos¬ 
copy should alwaj^s he performed preoperatively to rule out the presence of 
a foreign body or cystic bronchiectasis. If bronchiectasis is suspected, bronchog¬ 
raphy should be undertaken to confirm the diagnosis and delineate the extent 
of the disease. 

In the eight infected pulmonary cj’-sts studied, three were treated by 
pneumonectomy, foui* by lobectomy and, one of the earliest cases, with marsupi¬ 
alization and subsequent thoracoplasty. There were two deaths in this group; 
1 patient died shortly following pneumonectomy after several episodes of 
cardiac arrest during the procedure and the other patient died on the operating 
table during right middle lobectomy. Both deaths were atti’ibutable to massive 
flooding of the contralateral lung by infected material from the cysts, and 
would be preimntable deaths today with our present surgical loiowledgc. 


Table II. Secondarily Infected Pulmonary Cysts 


CASE NUMBER ( 

LOCATION 

1 NUMBEK OF CYSTS 

1 HISTOLOGY OP CYST WALL 

1 

LLL 

Multiple small 

1. Columnar epithelium 

2 

BML 

One large, multiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Cartilage 

4. Chronic inflammatory reaction 

3 

BLL 

One large 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

4 

LUL 

and 

LLL 

Multiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

5 

BLL 

One large 

1. Islands of columnar epithelium 

2. Chronic inflammatory reaction 

6 

ELL 

Two large 

1. Columnar epithelium 

2. Cartilage 

3. Smootii muscle 

4. Chronic inflammatory reaction 

7 

ELL 

One large 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

8 

ELL 

Multiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 


These 2 cases emphasize the importance of the jiroper preoperative piepaiation 
aimed at controlling the quantity of secretions in these cysts by antibiotics, 
postural drainage, and bronchoscopy. The other children hi this group la 
uneventful postoperative courses and have remained well to date. 

The pathologic findings of these surgical specimens are siunmarized in 
Table II. As can be seen, there is a definite predilection for these cjs s o 
occupy the lower lobes. Grossly, they appear similar to the 
nary cyst except that evidence of infection supplants the signs o P 
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of neigliboimg piilmonni^ tissue On etoss section, tlie liioneliial t-jpe mucosa 
2ias a glistening appeal ance The caiitt itself iisiiallj contains piuiilent 
exudate and tlieic is endence of pneumonitis in the stuiounding paienclijuna 

Since tlieie is seldom the fulminating life endangeiing piocess occiuring 
in the secondaiih infected cjst, as tlieie is uith the expanding t 3 ’pe, a moie 
leisiiielj’ attitude may and should he taken in the handling of this pioblcm 
It IS essential that the piopei length of time be utilized to piepaie those childien 
adequateh foi surgeri and also to insiiie the coircct diagnosis This fie 
qiicntly demands time consuming obseiiations of the clinical couise and 
complete pieopeiatne studies Once the ahoic icquiiements haie been fulfilled, 
the indicated pulmonan lesection should he peifoimcd The postopeiatne caie 
IS essential] V the same as in aiij' child «ho has iiiideigone thoracotomy 

DISCUSSION 

Onh 20 teais ago Sehonck'" stated that tension hpo pulmonan cists ueie 
attended In a giaie piognosis in infants and childien Acute inflammatoii 
lesions of the lung liheinse earned a high moitality dunng that peiiod The 
gloomv outlook has non changed and the piognosis of this disease is excellent 
as exemplified by the suuiial of 75 per cent of the patients tieated at this 
hospital by lescctioii This impioiemcnt can he traced, m part to lofinements 
in suigieal technique and caie, hut moie impoitant to the caihei suspicion 
and consequent diagnosis of this entiti Daily leeognition of this relativelj’’ 
laie hut seiious disease can onij' he accomplished b\ constantlj' being aleit 
to its possible existence Dverj infant mth respiiatorj distiess should haso 
.1 loentgcnogiam of the chest to mile out the picsence of an expanding pulmo 
naiv ctst Rocnriciit bouts of pulmonarj' infection in childhood should he 
iioited uith suspicion and similar appropriate diagnostic studies tiiideitaken 
Once the diagnosis is established oi strong!} suspected, oxcisional surgeij is 
the pioeeduie of choice If this plan of thciapi is followed, childien with 
complicated csstic disease of the lung will come to definitne tieatment eailiei 
and tlie moibiditi and moitality will be eoncuiicntlv lowered 

SUMWAUX 

1 Congenital pulmoinn e}sts max he dixided into two majoi gioups 
based upon eithei of two piesenting sjmptom complexes associated with ex 
pansioii 01 infection 

2 Expanding piilmonaix cists aic tisualh found in the newboin peiiod, 
since they ma} lUii a lapidh fulminating comse, piompt diagnosis and surgeii 
aie raaiidatoiy 

3 Infected pulinonaii cists occiii m an older age group and usualli 
icqiiiie <1 moie protracted peiiod foi accui.itc diagnosis and adequate pie 
opei atii e pi epai ation 

4 The tieatment of choice m both tiTies is hi lesection of the iniolied 
pulmonai} paicncIi}Tna 
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Blood replacement prior to surgery may be necessary in many of these children 
with prolonged or recurrent infections. Diagnostic and therapeutic bronchos¬ 
copy should always be pez'formed preoperatively to rule out the presence of 
a foreign body or cystic bronchiectasis. If bronchiectasis is suspected, bronchog- 
raphj^ should be undertaken to confirm the diagnosis and delineate the extent 
of the disease. 

In the eight infected pulmonary cysts studied, three were treated by 
pneumonectomy, four by lobectomy and, one of the earliest cases, with mai’supi- 
alization and subsequent thoracoplasty. There were two deaths in this group; 
1 patient died shortly follouung pneumonectomy after several episodes of 
cardiac arrest during the procedure and the other patient died on the operating 
table during right middle lobectomy. Both deaths were attributable to massive 
flooding of the contralateral lung by infected material from the cysts, and 
would be preventable deaths today witli our present surgical Iniowledge. 


Table II. Secondakilt Infected Pitlmonakt Cysts 


case number I 

location 

1 number of cysts 

1 HISTOLOGY OF CYST WALL 

1 

LLL 

Multiple small 

1. Columnar epithelium 

2 

EaiL 

One large, multiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Cartilage 

4. Chronic inflammatory reaction 

3 

ELL 

One large 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

4 

LDL 

and 

LLL 

Jlultiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

5 

ELL 

One large 

1. Islands of columnar epithelium 

2. CJironic inflammatory reaction 

6 

ELL 

Two large 

1. Columnar epithelium 

2. Cartilage 

3. Smooth muscle 

4. Chronic inflammatory reaction 

7 

ELL 

One large 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 

8 

ELL 

Multiple small 

1. Columnar epithelium 

2. Smooth muscle 

3. Chronic inflammatory reaction 


These 2 cases emphasize the importance of tire proper preoperative preparation 
aimed at controlling the quantity of secretions in these cysts by antibiotics, 
postural drainage, and bronchoscopy. The other children in this group la 
uneventful postoperative courses and have remained well to date. 

The pathologic findings of these surgical specimens are summarized m 
Table II. As can be seen, there is a definite predilection for these eys s o 
occupy the lower lobes. Grossb-, they appear similar to tlie expanding pu mo- 
nary cyst except that evidence of infection supplants the signs of comp 
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of neighboring pu]monnr.v tissue. On cross section, the })ronciiial t.vpe mucosa 
lias a glistening appearance. The cavity itself usually contains purulent 
exudate and there is evidence of pneumonitis in the surrounding parench.tTna. 

Since there is seldom the fulminating life-endangering process occurring 
in the secondarily infected cyst, as there is with the expanding type, a more 
leisurely attitude may and should he taken in the handling of this problem. 
It is essential that the proper length of time be utilized to prepare these children 
adequately for surgery and also to insure the correct diagnosis. This fre¬ 
quently demands time-consuming observations of the clinical course and 
complete preoperative studies. Once the above requirements have been fulfilled, 
the indicated pulmonary resection should be performed. The postoperative care 
is essentially the same as in any child who ha.s undei’gone thoracotomy. 


DISCUSSION 

Only 20 years ago Sclienek’^ stated that tension-t 3 -pe pulmonaiy c.v.st.s were 
attended b.v a grave prognosis in infants and children. Acute intlaniinafor.v 
lesions of the lung likewise carried a high mortality during that period. The 
gloomj’ outlook has now changed and the prognosis of this disease is excellent, 
as exemplified by the survival of 75 per cent of the patients treated at this 
hospital by resection. This improvement can be traced, in part, to refinements 
in surgical technique and care, but more important to the earlier suspicion 
and consequent diagnosis of this entity-. Earlj- recognition of this relativol.v 
rare but serious disease ean only be aceomplished by constaiitl.v being alert 
to its possible existence. Every infant udth respiratory distress should liaie 
a roentgenogram of the chest to rule out the prc.scnce of an expanding pulmo¬ 
nary c.vst. Recurrent bouts of pulmonary infection in childhood .should be 
viewed with suspicion and similar appropriate diagnostic studies undertaken. 
Once the diagnosis is established or strongl.v suspected, e.vcisional surgery is 
the procedure of choice. If this plan of therapy is followed, childicn with 
complicated e.vstic disease of the lung will come to definitive treatment earlier 
and the morbidity and mortality will be coneurrcntl.v lowered. 


SUMMAKY 


1. Congenital pulnionar.v cysts may he divided into two major croups 
based upon cither of two presenting .symptom compic.xcs associated with ex¬ 
pansion or infection. 


_ 2 Expanding pnlmonary cysts are usnally found in the newborn period: 

since they may run a rapidly fulminating course, piompt diagnosis and stirven- 
are Ttianclatory. 

3. Infected pulmonary cysts occur in an older age group and usnallv 
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5. All excellent prognosis can be predicted in this disease Avitli early 
diagnosis and proper surgical management. 
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GIANT INTRATHORACIC LYMPH NODES 


Cci}! B Mason, M D, Honolulu, Haitem 

B i M(.N li 3 pcii>I.isi.i ])iniUi(-iiig Kijint iiu tlhistmal Ijinpli iiotlts/ adds an 
othci considtialion to the diflRtuIl ptcopciatnc c\<ihiatton oi niedia&tin.d 
masses and is paiticulailj^ impoitant hecausc, botli giossh and histologicalh, 
It may be mistaken foi a th^ime tximoi Because of the possible iclationship 
of thvmie function and tlmnic tumois to the ciipjding disease, miasthenia 
giaMs, such an eiioi ma^ lie hainitul to a patient and miglit confuse the fuithei 
stiKh and classification ot this pioblcm Fintheimoic piognosis foi the lesions 
ma\ \aiy 

Castlcman and associates'’ lepoitcd a ease ot benign Inpeiplasia of medias 
tinal lymph nodes and Castlcman, I\cison, and Mencnde/'’ collected 13 casts 
fiom an eNtensne stuch of th\mic tumois Etiologicalh, thej fa\oi chionic 
inflammation lathoi than ncu gioutli of flijmic ongm The initial diagnoses 
of ectopic tlnmic tumot in 1 casc^ and piinian subplciual thj*monia in anothei'' 
ucie changed to benign In pci plasm of hmph nodes upon iCMeu 

In most cases a loutine oi suuci film of the chest discloses an as^mpto 
matic mass piotrudmg tiom eitliei lung hilum oi occupMiig the anteiioi 
mediastinum Suigical excision is usually simple and not followed In icciii 
lencc 01 complication Tlic gioss specimen usually picseiits a film, 'well encap 
sulated mass uitli a finch giimilai cut suifacc jVIicioscopicalh, tlieic is 
maiked l>Tnphoid Inpeipiasia uith capillai\ piolifeiatioii in ^aiioiis stages 
Often theic aie higlily icactno gciminal ccntcis uith Inalini/ntion and Ijmplio 
e\tic cuffing These m<n closch loscmhlc the Hassiirs coipuscles of the tlnmus 
and thciehy ma\ lead to an ciioneous diagnosis 

CASE REPORTS 

Casf 1*—Cliintsc male, 23 jevrs old An is^niptonntic left hil ir nus? griduill^ 
enlarged demonstrated Jii tlitst films o>er a ■! jear penod (Fig 1) All preoperitivc 
examinations, including sputum studies for bicilU and cells, tomogrims, bronchoscoi}}, and 
angiocardiography failed to clanfy the diagnosis In September, 1954, a left thoracotomj 
domonstrated an egg sized mass in the interlobar fissure of the left hilum, with no invasion 
into the surrounding lung paronclmnn TJic mass shelled out casilj as it was well cncap 
sulated 
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of tli^iiiocvles niid reticular cells; llie latter te«cl to form I’^ieuOo Ilassall corpuscles. There 
IS «ome tendency touard io<;ctto formation of thjmocytes. Tlio picture la that of thymoma 
and jh benign. There arc h>aline bands between the lymphoid cells This is rather 
ohar.ictcriatic of this particular lesion. Diagnosis: Benign thymoma.’^ 

In August, 1D57, after reviewing all thjmoinas removed at Queen’s Hospital, the same 
pathologist reported* *‘l?cMeu of this ^lidc in view of Kitei Knowledge loads mo to class 
this an a loc.ilized hjporplasia of a medi.istmal lymph node and still benign The pre 
uoush called thjinocjtes arc Ijmphoejtes, undoubtedly This case has been removed from 
the thymoma classification. Amended diagnosis: Localised hyperplasia of a mediastinal 
lymph node ” 

Case 3*.—Pilipmo male, 49 years of age. A yearly survey* film of tlic chest revealed 
a mass in the anterior nicdiastinuni, which was asymptomatic and had been present for 
.ibout 1 year. Prooperativc sputum studifs, angiocardiography, and bronchoscopy revealed 
no 'ibnoiniabty*. The /ircoperativc diagnosis was thymoma or dermoid In August, 1957, 
.1 left thoracotomy revealed a G cm mass lying beneath tlic mediastinal pleura, supenor to 
tlie pulmonary artery and antciolatcrul to the ascending thoracic aorta. TJio mass easily 
shelled out, with no evidence of loc.il invasion. Eroren section studies revealed either 
“lymphoma or thymoma “ 

Tlio pathologic report was as follows* ^<TIic specimen consists of a mass, well encap 
vulated, ovoid in shape, moisunng S cm. iii its greatest dimension and 6 cm. m its least 
dimension. Weight 100 Gm Cut section reveals a lobulni pattern and an attempt at 
lobular formation Are.is of subcapsul.ir hemorrhage arc soon IIistologic.il examination 
reveals a markedly* enlarged lymph node, winch shows severe liyperphisia of both lymiphoid 
and rcticuhr elements, but with good picsciv itioii of tlic arelutccture Normul germinal 
centers, small vessels, and pcrifihcral sinuses arc noted Tlie cells are well ditTorcatiated and 
uniform No thymic dcnionts < lu be scon The picture is tliat of an unusually marked but 
benign hyperplasia, presumably of iiiflnnimnlory origin Diagnosis: Mediastinum, benign 
hyperplasia of lymph node " 

However, after multiple sections and further studies by nurnorous p.ithologists, in 
a supplcniontary report the diagnosis was changed to “Mcdi.istmal tumor, thymoma, most 
likely benign.” 

.summary 

These cases illustiatc the salient clinical and pathologic fcaUues of giant 
intrathoracic lynnpli nodes and dcmonstiatc the necessity of tlioracotomy for 
diagnosis. TIic second case suggests that lustologic review of thymomas by 
pathologists might disclose more instances of benign hjTierplasia and help 
clarify tlie difficulties existing in tlieir diagnosis and identification. Case No. 3 
IS a case in point vvhieli illustrates the difficulty in the diffeicntiation of benign 
hyperplasia of lymph nodes fiom tliymiic tumois All of the cases indicate 
the importance of careful study of a given lesion for accuracy so that behavior, 
tieatment icsults, and prognosis may perhaps be claiified 

The writer wishes to think Dr V. W. Gebaucr for his a'-sistanec in this pajier, Dr I L 
Tilden for the photographs of the histologic sections, and Mr. I. Ota for the chest pictures. 

RErFRENCES 

1. Inada, K., and Hamagaki, M.: Locahred JEediastinnl LymphNodc Hyperplasia Resem 
bling Thymomi, Ann Surg. 147; 409 413, 1958. 

•From the Department of Sifrjferv, Loahi Koupital. Honolulu. Hawaii 



256 


MASON 


J. Thoracic Surg. 
Februao*. 1959 


2. Case No. 40011, Case Eecords of the Massehusetts General Hospital, New England J. Med. 

250: 26-30, 1954. 

3. Castleman, E., Iverson, L., and Menendez, V. P.: Localized Mediastinal Lymph Node 

Hyperplasia Kesemhling Thymomas, Cancer 9: 822-830, 1956. 

4. Forsee, J. H., Farinacci, C. J., and Blahe, H. A.: Ectopia of Primary Thymic Tumors, 

Ann. Surg. 138; 922-924, 1953. 

5. Crane, A. E., and Carrigan, P. T.: Primary Subpleural Intrapulmonic Thymoma, J. 

Thoracic Surg. 26; 600-605, 1953. 

6. Castleman, B.: Tumors of the Tlij-mus Gland, Atlas of Tumor Pathology, Section V, 

Fascicle 19, Armed Forces Institute of Pathologj*, Washington, D. C., 1955, pp. 68-75. 

7. Iverson, L.: Thymoma, A Eeview and Eeclassification, Am. J. Path. 32: 695-719, 1956. 



CONGESTIVE ATELECTASIS: A FATAL 
POSTOPERATIVE COMPLICATION 


Hurst B. Hatch, ]r., Al.D., and G. /If. Carrera, /M.D., New Orleans, La. 

S INCE the original description, bj- Jenkins and associates,' of postoperative 
congestive atelectasis, this complieatiou has received little attention in the 
medical literature. It probably oeenre more often than this scarcity of i-eports 
would indicate. AVe became intere.sted in this condition about 4 years ago, 
when we encountered our first patient with this complication. The clinical 
picture pre.sented by this patient was one of .sudden omset of severe dyspnea, 
deep cyanosis, fever, labored e.xpirntory breathing, tachypnea, tachycardia, 
and hypotension, aggravated by infinsion of fluid, particularly blood. There 
were no pathognomonic roentgenographic signs. The condition was charac¬ 
teristically resistant to all forms of therapy directed toward pnlmonocardiao 
failure. Since then ive have seen G additional patients in whom this condition 
developed after a thoracic surgical procedure. It is the purpose of this report 
to call attention to this entity by disens.sing it in the light of our experience 
with these 7 cases. 

Congestive atelectasis is a complication of parenteral fluid therapy. These 
complications may be grouped into four nm.ior types: (1) jiyrogcnie I'Cactions, 
(2) volume variations, combined with changes in osmolar concentration, (3) 
compositional distnrliances, and (4) “.speed” reactions. Predominantly, con- 
ge.stive atelectasis is a comiilieation of the fourth type. 

This entity was described by Bert' as attending rapid decompression. The 
description of the gross and microscopic findings of the lung in rapid decom¬ 
pression, as reported by Fegler and Banister,' is almost identical with those 
described by Jluirhead,' of patients receiving large amounts of intravenous 
fluids rapidly. Grossly, the lung.s of congestive atelectasis are heai’y, and 
maeroseopically the condition suggest.s gross hemorrhage. The areas affected 
are sharply limited; they are liver-like, uniform, and dark red. Tlie affected 
portions seem to be commoner around the hilum and on the dorsal surfaces of 
the lungs, liicroseopically, intense capillary congestion, intra-alveolar hemor¬ 
rhage, minimal pulmonary edema, and incomplete expansion of pulmonary 
tis.sue are seen. 


La. 
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In addition to the excessive and rapid infusion of fluid, probably other 
factors contribute to development of this complication. Physical injuries, such 
as surgical procedures, burns, blast injuries, anaphjdaxoid shock, or pre-exist¬ 
ing shock from some other cause, are the most common. However, none of 
these alone would necessarily be the cause of death. 

^ The onset of congestive atelectasis is sudden. The dyspnea is severe and 
indicative clinically of an expiratoi'y obstructive type of breathing. The cya¬ 
nosis is deep and resistant to all forms of therapy. The tachycardia and hypo¬ 
tension are pronounced and progressive. 


The physical signs are those msually found in a patient with acute left 
ventricular failure. However, in some eases the classical findings of acute left 
ventricular failure, particularly multiple moist rfiles throughout the pulmonary 
field, are absent. 


Probably one of the more frequent surgical complications is obstructive 
eollajise of pulmonary tissue. This complication should not be confused with 
congestive atelectasis, as the two conditions diffei', not only in their clinical 
manifestations but also in their response to therapy. In Table I comparison of 
the four major plij’^sical findings is shoAvn. 


Table I. Differentiation Between Obstructive and Conoestive Atelectasis 


I’HYSIOAE PINDINO ( 

OBSTRUCTIVE 

[ CONGESTIVE 

Ci’anosis 

Light 

Deep 

Response to oxA’gen 

Good 

Poor 

Mediastinal sliift 

Present 

Absent 

Bronchoscopy 

Helpful 

Not helpful 


Characteristically, all known treatment has been futile. Administration 
of digitalis and oxygen, and performance of phlebotomy and bronchoscopic 
aspiration have been to no avail. Inhalation of carbon dioxide, frecpient turn¬ 
ing of the patient, administration of steroids, and coughing have had no bene¬ 
ficial etfeet. Despite all known resuscitative measures, the fully developed 
syndrome is always fatal. 

In our 7 iiatients there Avere tAvo common factors: (1) rapid infusion of 
large amounts of fluid during and after a surgical procedure, and (2) a tho¬ 
racic operation. Six of our patients Avere men and 1 Avas a Avoman. ^ Their 
ages ranged from 44 to 65 years. Since the pattern in all 7 cases Avas similar, 
only one aaoII be reported in detail. 


KEPOBT of case 

A white man, aged 44 years, was admitted to Oclisner Eoundation Hospital in Juh, 
1956 because of hemoptysis of 1 week’s duration. At the age of 11 years, after tonsillec- 
tomy, an abscess developed in the right upper lobe of the lung. Empyema subsequent y 
developed and this was drained. 

No abnormalities were detected on physiical e.Namination the day of admission. 
Results of routine laboratory studies were within normal limits. In roentgenograms o 
the chest retraction of the transverse fissure superiorly, with a radiolucency, .. cm. 
aLTJ-Xul some haziness .surrounding this area of radiolucency in the antenoi segment 
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TN'ere noted. In planograms^ definite cavitation was ■»eeii in the anterior segment of the 
upper lobe. On bronchography, an outline of the cavity in the anterior segment was seen 
with cystic bronchiectasis in the right upper lobe. 

Eight upper lobectomy was done. "Within 4 hours the patient received 2,500 c.c. of 
blood and 2,000 c.c. of glucose in nater. Soon after his return from the operating room 
he had an acute hypotensive episode accompanied by progressi\e dyspnea and severe c.>a 
nosis with pronounced tachycardia. Because of the severe hypotension, within 17 hours 
the patient received 9,000 c.c. of whole blood, of which 1,500 c.c. had been transfused at a 
rapid rate. Despite all efforts to reverse the hypotension, the patient died 24 hours after 
operation. 

The gross and microscopic pictures (Fig. 1) were tj'pical of congestive atelectasis. 



Fig 1 —Case 1. Lung. Tlieie is extensive congestion of the capillaries In the alveolar 
septa, A\itli some extravasation of red blood cells The alveolar spaces show compression b> 
the congested, edematous parenchyma, and contain coagulated protein and red cells fHenia- 
toxylin and eosin, X-l^O, reduced 14 .) 

DISCUSSION 

The experimental studies of this condition by Ufoyer' are fascinating. lie 
reproduced, in animals, every manife-station of congestive atelectasis noted in 
imman beings except tlie sevei-e hypotension. He concluded that ids experimen¬ 
tal ftnding.s did not completely clarify the etiology of non-deeompression atelecta¬ 
sis. However, iiis studies Iiavc contributed to some understanding of tlie phe¬ 
nomenon. Several facts are apparent from liis work. First, the volume of 
blood in tile lungs increases rapidly after hemorrhage or asphyxia and, second, 
stiffening of the lung begins soon after rapid parenteral injection of solutions, 
even in an animal which is not in shock. He noted Hint the .stiffnes.s became 
proiionnccd as tlie left atrial pressure fell. This rules out left ventricular 
failure as a universal cause of acute development of pulmonary stiffness posl- 
operativeiy. 
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Physiologically, an initial rise is followed by a drop in the pulmonary 
arterial pressiu-e. Then, a fall in systemic pressure occurs and is progresswe; 
the residual air decreases and the respiratory rate increases. As evidence of 
stiffness or loss of compliance in the lungs, the tidal volume is decreased or is 
unchanged even as the inspiratory intrapleural pressure becomes more nega¬ 
tive than the cxpiimtory intrapleural pressure becomes more positive, thus 
increasing the work of breathing. It is apparent that the cyanosis represents 
continuance of pulmonary blood flow through the capillary area in the pres¬ 
ence of airless alveoli, a definite abnormality of ventilation and perfusion. 

Since our experience with this syndrome, we have been extremely cautious 
in the postoperative administi-ation of parenteral fluids. Obviously, the best 
therapy for this fatal syndrome is preventive. In all patients in whom hypo¬ 
tension develops postoperatively, it is imperative to determine the cause, if 
possible, and treat it phy.siologically rather than to rely on infusion of fluids 
to raise the blood ]n‘essure to an accepted clinical level. Since low l)lood pi’es- 
sure is a sign of disease, we are actually treating the effect rather than the 
cause of the disease. Every hypotensive episode occurring during or immedi¬ 
ately after operation is not neeessarilj’- due to loss of l)lood. 

su:n:MARY 

Congestive atelectasis, or acute pulmonary congestion, a little known post¬ 
operative complication, is discussed in the light of experience with 7 cases. Wo 
believe that this complication is preventable. It is hoped that this report will 
.stimulate the clinician to determine the cause of shock and thus treat it physio¬ 
logically rather than mechanieallj^ 
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INTRATHORACIC MENINGOCELE 

Hiram D. Hilton, M.D.,* Lincoln, Nebr., and Harry H. McCarthy, M.D.,** 
Omaha, Nebr. 

I NTRATHORACIC JIENINGOCELE was first cleseribctl in the litoratui'e by Pohl in 
1933. The next recorded surgical attack was carried out by Amcuillc and 
associates in 1940. The meningocele was excised, and the resulting defect 
Xiacked. A .spinal fluid fistula and an empyema combined to produce a fatal 
issue. 

Isolated case reports and reviews of the literature have appeared from 
time to time, the latest being that of Raison. According to our outi computa¬ 
tion, there have been 27 verified cases reported in the world literature to date, 
making the patients reported in this communication the twenty-eighth and 
twenty-ninth, respectively (Table I). Data are incomplete in some case rcpoi’ts. 
These include the ease of Frcedlander, the ease seen incidentally at neerojisy 
by ICay, the ease of Head (quoted by Baker and Curtis, and Raison), 1 case 
of Byron and associates, and that of Ottani (quoted by Raison). 

Surgical correction has been undertaken in 14 patients. Four have died 
from causes related directly to surgical intervention. The first 2 cases re¬ 
ported were surgical fatalities. Since 1948, however, there have been 12 
operations with 2 deaths (Table JI). 

The etiology of intrathoracic meningocele is, of course, speculative, and 
numerous explanatory theories have been ])Ostulated. It could represent the 
result of a primary defect in the posterior neural arch. Abnormal e.xtension 
of the dura around the emerging spinal nerves is another possibility. Local¬ 
ized disease of the dura might conceivably render it too weak to rc.sist iiressurc 
of the subarachnoid space, resulting in saclike dilatations of the intraspinal 
meninges through an enlarged intervertebral foramen. The frequent associa¬ 
tion of this entity with neurofibromatosis is striking, and may be significant. 
Fifteen of the 27 eases reported in the literature have been associated with 
neurofibromatosis. Some authoix, in fact, consider intrathoracic menin¬ 
gocele simply to be one manifestation of von Recklinghausen’s disease. 
Neurofibromatosis is known to be characterized by developmental disturbances 
in neural tissue and occasionally by bony changes, including scoliosis and 

Received for publication June 30. I95S 
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Table I 


1 

AUTHOR 

SEX 

1 

1 

1 

AGE 

CUTANEOUS 

NEURO¬ 

FIBROMA¬ 

TOSIS 

SITE OF 
ORIGIN 

OPERA¬ 

TION 

Pohl (1933) 

F 

47 

Yes 

D3-4 

Yes 

Sehullev and 

M 

56 

Yes 

D7-S 

No 

Hiberall (1938) 

Ameuille et al. 


48 

No 

D8-9 

Yes 

(1940) 

Freedlander 

P 

1 

Yes 

? 

Yes 

(1946) 

Singpiel et al. 

M 

21 

No 

Dl-2 

No 

(1947) 

Mendelsohn and 

P 

40 

Yes 

D7-8 

Yes 

Kay (1948) 

Kay 

One case 

seen incidentally at autopsy 


Welch et al. 

F 

41 

Yes 

D6-7 

Yes 

(1948) 

Byron et al. 

F 

36 

No? 

D2-3 

Yes 

(1948) 


151 

61 

Yes 

C7-D1 

Yes 


M 

21 

No 

Dl-2 

No 

Head (1948) 

M 

43 

No 

? 

No 

Cross et al. (1949) 

M 

22 

Yes 

D8-9 

No 

Ciaglia (1952) 

F 

31 

Yes 

C7-D1 

Yes 

Rubin and Strate- 

? 

7 wks. 

No 

D4-5 

No 

meier (1952) 

Baker and Curtis 

F 

40 

Y^cs 

D8-9 

Yes 

(1953) 

M 

63 

No 

D9-10 

Yes 

ears et al. (1953) 

F 

29 

No 

D2-3 

Yes 

Kessel (1951) 

P 

23 

Yes 

D5-6 

Yes 

F 

8 

Yes 

D7-S 

Yes 


Turunen (1953) 

M 

33 

Yes 

D5-6 

Yes 

Ottani (1951) 

Hackenseller 

Incomplete 

F 

data- 

45 

—proved by aspiration 

Yes D8-9 

No 

(1953) 

Portigliatti- 

F 

60 

Yes 

D6-7 

No 

Barbos (1953) 

Gernez-Rieux and 

M 

59 

No 

Dll-12 

No 

Lepaul (1954) 

M 

F 


No 

D8-9 

Yes 

Raison (1956) 

Oo 

46 

Yes 

D3-4 

Yes 


BEMARKS 

Died of empyema 

Died following re¬ 
section of posterior 
roots 6, 7 and 8 

Died of empyema 
and spinal fluid 
fistula 


Recovery 

Recovery 

Recovery 

Died from hemor¬ 
rhage 


Recovery 

Died 

Recovery 

Recovery from opera¬ 
tion, but died 7 
months later of 
Paget’s disease 

Recovery 

Recovery 

Operation done to re¬ 
lieve paraplegia; 
resection of verte¬ 
bral body only 

Recovery 


Died following irradi¬ 
ation therapy 
Died following cougli- 
ing spell 


Recovery 

Died from cerebro- 
spinal leakage 


\ o!un e ^7 
Number 
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Table II 

Surgical IrfATMEvr 

Of MEMNOOCfLl 

AUTHOR 1 

OPERATION 

\ RESULTS 

Pohl (1933) 

Mjoloplnstv 

Died of emp\cma 

Ameuille ct al (1938) 

Packing 

Died of eni]ivonia and 'tjnnal fluid 
flstid i 

Mendelsohn and Knj 
(1949) 

M^eloplTit) 

Rpt.o\er\ uitli satisfattor\ re&uJt 

irelch et aJ (1948) 

MyeIop/a«tfv 

l?e{.oici,j With fitisfuotoiy resuU 

B\rou et il (1949) 

Myeloplast^ 

Keto^ery with satisfactory result 


Myeloplasty 

Died fiom Jicmorrhage during optr 
ation 

Ke*ifiel (1951) 

MjcIoplasJy 

Reco\erv witJi ‘'itisfaetorj result 

Cngim (1952) 

M^cloplasf V 

]?pto\en witli sitisfactory result 

Baker and Cnrtis 
(1953) 

Myeloplasty 

Re( 0 \ery with '• vtisfaitory result 


Mjoloplast) 

I^eco^ery from operation hut died 

7 months later of Paget’s disoisc 

Sears et ul (1953) 

Myelopl i«il\ 

Recovery complicitcd hy spinal 
fluid fistula and meningitis, uJti 
mate recovery with good result 

luruuen (1953) 

Mjeloplastj 

Rppoieri with satisfactory result 

Raison (1956) 

Myoloplnsty 

Recovery witli watisfattory result 



Died from spina? fluid fistula 

IliUon and McCarthy 

JBelophstj 

Recovery with satisfactory result 


giouth nbnoimahtJes The fact lemains, howciei, that mtiathoiacic menm 
goeele can and does e\ist independently of nourofibiomatosis A lelationsbip 
undoubtedly exists, but its causal natuic is open to question 

Deformities of the thoiaeic spine ordiiianly accompany an intrathoraeic 
meningocele In fact, 23 of the 27 cases rcpoited manifest soitebial abnoi 
malities adiacent to the tuinoi Doi the most pait, they aio consistent with 
luessuie effects excited by the tjstic mass Veitebial changes coinmonlj 
obseiied include kyphosis, seoliosis, kyphoscoliosis, eiosion oi destruction of 
vertebial pedicles Occasionallj, the iibs contiguous to the nieningooele aic 
spiead, lesulting in subluxation of the costoieitebral aiticulation The inter- 
sertebral discs are unaffected 

Neuiofibioiiiatosis is seldom associated uith posteiioi mediastinal neuio 
genic tumois Kent and Blades ascertained from a large series that this 
combination is so mfiequent that it is statisticallj of no significance 

Thcie IS no constant oi characteristic sjniptomatoiogy i elated to intra 
thoiaeic meningocele A sunej of the liteiatuie indicates that some indiiid 
uals seek medical adiiee foi a \ar1ct3 of leasons, including pain m the chest, 
shouldet, and thoiacie spine, persistent unexplained coughing, and intiactable 
headache Others become appichensive about a piogrcssne spinal dcformitj 
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Many are asymptomatic, a posterior mediastinal tumor having been divulged 
by a roentgenogram of the chest taken during the course of a complete physi¬ 
cal examination. 

Since intrathoracie meningocele is a rare entitj’', it is seldom suspected 
and, therefore, almost never diagnosed preoperatively. A posterior medias¬ 
tinal tumor discovered in a patient with von Recklinghausen’s disease should, 
however, lead one to suspect it. If, in addition, there arc associated skeletal 
changes one may confidently predict it. Only myelography demonstrating 
a passage of the contrast medium from the subarachnoid space into the mass 
can confirm it. 



Fifr 2 


Fig 1 


demonstrating a rntdiasti- 


Fig. 1.—Anteroposterior roentgenogiam of the chest m Case 
nal mass projecting into the right hemlthorax. demonstrating the posterior situa 

pjg 2—Lateral roentgenogram of the chest in 
tion of tiio mediastinal mass. 


Because intrathoracie meningocele represents a ^^^gJJ^Junding 

lesion, subject to rupture and pone to J tl/defect. This is 

structures, the treatment of choice is suigiea P dissected 

done through a posterolateral thoracotomy ineisi . dilated intervertebral 

free from the pleura and adjacent structures ,,,, to leave 

foramen is encountered. It is then 7" pfeura arc then 

enough dura for the repaii. le in .^^ater-tight closure. It is prob- 

imbricated separately so as 0 give space for the 

ably prudent to place an - 4^^^; ^^opoiMivd In this way, 

is a;suscd a„a the data, .pair relaloteed. 
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Postopeiatuc luoitality and complications aic demcd fiom infection (menin¬ 
gitis and empyema) and spinal flnid leakage ivitli fistula foiination Meticu¬ 
lous aseptic technique should foiestall the deielopment of the foimci and 
caicful closure of the defect of the latter If spinal fluid leakage does occui, 
the locommended pioecduie is to keep the patient at bed icst and do daily 
spinal fluid taps so as to decicasc the spinal fluid piossiue 

CASE REPORTS 

Mr G M T, a 44%earolfl ulate man, give a long standing hi8tor\ of intractable 
headaches Isau&ea frcquentlj accompanied the onset which usualh occurred duiing the 
night Postural change, particularlj l)ing down, seemed to precipitate an attack or to 
aggiavate one alreadj establislied Medication for pain was of little or no avail, the 



Fig- 4—Lateral view of the right hemithorax In Cise 2 showing rri c- 


greatest amount of relief being obtained bj getting up and abojt In far*l, a head^ch^ 
would frequently subside after a daj's activitj During the 3 the patirnt 

noted intermittent twitching of the c>clids and tlie right «jdc of 

Phtjsical Examination—The sKm of the thorax was tl* ^ ^ of multiple cuL^-'c- 
fibromata and areas of pigmentation InlcrmiUeiit twitchin'»^ roxi>'^::h.‘xr- 
of the right side of the face was noted 

roentfjenn naphic Examination —Posteroantenor c--*- iHrir-s s ' 

tumor in the posterior mediastinum projecting to tl#* rrgi:* T-* r i/^nre*^ 2 -•' 
cm 111 diameter, was smootii m contour, ani cxtealf^ f ^ to tl ^ ^ 

riiore was considerable decalcification and sjr<-ac" ^ 


and eighth nl s on tl c rigid There was slight Irj* ■ 
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i)«a^no5f^.-Neurogenic tumor of the posterior mediastinum 

in. .h?s;:;r;!X"ostr, SLsr ii: ^ 

and the spinal eord amply visualmed. The eyst .-all, eonsis«nrof'd;rT”^L^al~l^^^^ 
taking care not to sacrifice too much tissue. The enlarged intervertebral foramen u-as closed 
i> imbricating the dural flaps, using 3-0 interrupted silk sutures. The dural repair u^as re 
mforced by imbricating the mobilized pleura in the same manner. Tivo No. 34 nrnXoom 

intercostal catheters were left in place for application of continuous suction during the im¬ 
mediate postoperative period. uuujig me im 



Fig. 5.—Photograph showing open hemithorax and meningocele prior to .surgical repair. 

Postoperative Course and Follow-vp .—The patient's convalescence was uneventful. 
Eighteen months following surgery he reports definite diminution of tlie severity and fre¬ 
quency of headaches. 

Mrs. B. A., a 37-year-old white woman, was admitted to the hospital for diagnosis 
and treatment. An opacity had been disclosed in the right lower hemithorax some montiis 
before as a result of a routine chest .survej'. She had noted some weakness in the right leg for 
several years. This had resulted in a slight limp. However, she had experienced this for so 
long a period of time that she paid little or no attention to it. 

Physical Examination .—Slight weakness of the right leg was noted. Knee jerks were, 
plus 3 on the right, plus 1 on the left. Ankle jerk was absent on the right, present on tlie 
left. 

Eoentgenograpliic Examination. —Che.st film revealed a round density measuring 6 cm. 
in diameter located just to the right of the vertebral column. There \vas some destruction 
of the bodies of T,o and T,,. 

Diagnosis. —^Neurogenic tumor, dumbbell type, arising in the posterior mediastinum. 
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Operation .—^Exploration of the right pleural cai'ity revealed a largo, rounded cystie 
mass communicating with a defect between tlie tenth and eleventli ribs. A small bridge of 
bone was present beyond which another sacular mass protruded. The meningocele was dis¬ 
sected free down to tlio neck of the sac which measured approximately 1.5 cm. in diameter. 
Upon opening the first meningocele, the second collapsed much as a pantaloon inguinal hernia 
would do. The edges of the resected sac were carefully imbricated with interrupted silk 
sutures. The larger meningocele was then excised at the neck and closed 3vith two rows of 
3-0 silk sutures, one row of mattress and the other row interrupted on the free edge. Two 
mushroom catheters W’ere placed in the right hemithorax. These were connected to under¬ 
water suction drainage. 

Postoperative Course and Folloio-vp .—The postoperative course 3vas entirely uneventful. 
There is no evidence of recurrence of the meningocele over 1% years after ‘Surgery, and the 
weakness noted preoperatively in the right lower extremity Jins not progressed. 



Fig-. 6.—Photograph allowing opened meningocele in Case 2 in preparation for .surgical closure. 
SUMMARY 

Intrathoraeie meningocele is an anomaly nsnally associated with neuro¬ 
fibromatosis and typical skeletal changes aflfecting the thoracic vertebrae. 
The condition may he .su.spected or even anticipated whenever a posterior 
mediastinal tumor occurs in conjunction with skeletal elianges and neuro¬ 
fibromatosis. The treatment is sui’gieal, since it represents an e.xpanding 
lesion. Eeference is made to Table I and Table II for a summary of the eases 
encountered in the literature to date. 
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Discussion of Two Meeting Papers 


Creatio.v of a Temporary Armfioial Ductus pop. the Surgical Copj{Ectiox of Ve-v* 
TRicuLAR Septal Defects Associated With Severe Pulmoxart Hypeetexsiox by Howard 
D. Sirak, M.D., AND Don M. Hosier, M.D., Columdus, Ohio,* and CoREECTn’E Surgery in 
the Presence or Far-Advanced Pulmonary Hypertension by C. 'Walton Lillehei, JI.D., 
Donald J. Ferguson, M.D., and Richard L. Varco, Af.D., Minneapolis, Minn.I 

DR. 'V^"ILLIAM H. MULLER, Jr., Charlottesville, Va.—Both of these are important 
papers because, as tliey indicated, pulmonary hypertension is one of the major problems 
that one faces in corrective surgery for congenital heart disease. About 5 years ago. 
Dr. Ivattus and I bad planned to use a decompressing shunt from tho aorta to the pul¬ 
monary artery when we were closing a large ductus with reversal of blood flow. For¬ 
tunately, we were able to close it without performing a shunt. I am delighted to see that 
Dr, Sirak has utilized it with a high degree of benefit in his patients. 

I would like to mention one other approach in the management of pulmonary h\pef- 
tension in patients with congenital heart disease, that is, a procedure to narrow tho main 
pulmonary artery in certain patients who have a physiologic single ventricle and severe 
pulmonary hypertension. This procedure was initiated before total cardiopulmonary 
bj'pt^ss and open-heart surgery was being done. The indications for it at that time, in 
our opinion, were rather broad. Wo advocated its use to prevent the development and 
progression of luminal narrowing resulting from medial hypertrophy and intimal fibrosis 
of the small muscular pulmonary arteries and arterioles of ^hc lung, as was shown in 
both these patients, and to control high output failure in small infants. We now think 
that its chief indication is in the small infant with a ventricular septal defect or a single 
ventricle where the mortality rate of a corrective open-heart procedure in our hands, 
and I believe in others, is excessive. At the present time, it is the only treatment I know 
of for a single ventricle, although correction of this defect has been tried unsuccessfully 
with total b^Tjass. It may also be used in the older child who has passed from a bal¬ 
anced phase to an early right-to-Icft shunt, where the mortality rate from a corrective 
procedure may also bo high. 

Work in our research laboratory by Dr. Richard H. Blank appears to indicate that 
severe pulmonary vascular changes, which we have hitherto thought were permanent, 
are reversible. It is possible, therefore, that after a period of time patients who have 
had narrowing of the pulmonary artery may be able to have a corrective open-heart 
operation w'ith a lower mortality rate. 

(slide) This slide demonstrates a very large pulmonary artery and a small aorta, 
as wo usually find it in these patient<. (slido) Here, the main pulmonary artery is nar¬ 
rowed by suturing a band of synthetic fabric about it. We initially removed a segment 
of tho circumference of the artery but now rely totally on the band. 

One of the critical points of this operation is the degree of narrowing, and wo find 
that the lumen of tho artery must be reduced to one third of its previous size in order 
to obtain tho necessary reduction in pulmonarj' blood flow. This may best be determined 
by measuring the pressure proximally and distally to tho point of stenosis. While a 

•Published in January 1953 Issue, pages 1-21 

tXot yet published. 
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noimal pnlmonarv artery pressure is uot often tolerated by the heart in most instances, 
I can be reduced from 30 to 40 mm. Hg. If this degree of pressure reduction is not 
obtained, the desired clinical improvement in the patient does not usually follow. 


DR. CHARLES P. BAILEY, Philadelphia, Pa .—My discussion concerns not only 
these two papers but also, perhaps in anticipation, Dr. Kirklin’s paper on the tetralogy 
of Pallot. We have been troubled not only by the operative mortality in cases of ven¬ 
tricular septal defect with pulmonary hypertension but also by the surprisingly high 
operative mortality which attends correction when there is no pulmonary hypertension. 

ou have just heard Dr. Sirak’s suggestion for the elective creation of a patent ductus 
arteriosus and acceptance of a two-stage procedure because he is having similar diffi¬ 
culties. Dr. Effler has described acute left atrial hypertension after definitive closure of 
defect and restoration of the heartbeat. It occurred to us that this might be related to 
the suddenness with which we altered the cardiac physiology. It seemed to us that it 
would be better if the defect, and hence the shunt, were closed off graduallj-. 


(slide) Following the line of thought presented last year by Dr. .John Lewis, we 
created a prosthesis made up of two attached slices of compressed Ivalon sponge, one of 
which is perforated centrally. This we call a prosthetic artificial foraminal valve. At 
first we thought of it only to permit continuation of the right-to-left shunt in a case of 
the tetralogy of Fallot completelj’’ corrected. This would tend to jircvent engorgement 
of a hj’poplastic pulmonarj- vascular bed. 

We have applied this prosthetic valve in atrial septal defects, as you see from this 
case, with a large common atrioventricular canal. The defect measured 1% in. by 1% in- 

Some time ago we had the experience of observing a rise in the left atrial pressure 
to 80 mm. Hg, with ensuing death, in a patient with an uncomplicated ventricular septal 
defect immediately after closure and restoration of circulatory integrity, Effler and 
Dodrill have had similar experiences in which the left atrial engorgement was followed 
by uncontrollable acute hemorrhagic pulmonary edema. It occurred to us that the arti¬ 
ficial foraminal valve could also be applied in such a manner as to permit a continuation 
of a pre-existing left-to-right shunt. 

These prosthetic valves placed in an experimental animal are closed by sealing 
together of the leaves within 8 weeks. We think that Dr. Lillehci’s suggestion as to a 
uerforated Ivalon disc is particular!}- pertinent in cases of pulmonary hypertension with 
m nearly “balanced” shunt. However, in patients with the tetralogy of Fallot and in 
those with uncomplicated ventricular septal defect with unidirectional shunt, we feel 
that it is preferable to use a unidirectional valve of this type to provide immediate main¬ 
tenance and gradual decrease of the one-way shunt until its final obliteration. After all, 
does it matter whether we cure the patient in 5 minutes or in 8 weeks? So far we have 
had one death in the application of this technique in 8 patients. 


DR. OSLER ABBOTT, Emory University, Ga.—This discussion was not returned. 
Ewtor. 

DR. FRANK L. GERBODE, San Francisco, Calif.—I would like to discuss Dr- 
Lillehei's paper and to compliment him again on pointing the way in this particular } 
difficult field of pulmonary hypertension. I would like to ask whether he believes t a 
the type of pulmonary hypertension found in patent ductus arteriosus, in which * 
are structural changes to be seen in the lung, is perhaps exactly the same as is foun in 
some types of ventricular septal defect. The reason I ask this question is that we av 
found in a series of patients with pulmonary hypertension and associated due “ i 
closure of the ductus does not necessarily lead to an eventual cure of the h}Ter ■ 

we tave .t le..l 3 petie... who „c i., .e,i,„ diffieolt,- with p.l.on.r, v.Ke 
ficiency, with very large hearts, and we have had 2 patients who have died 6 
later from complications of pulmonary hypertension. 
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The second point I would like to discuss is the use of the median sternotomy I am 
\erj glad that Dr Lillehei is noiA using this incision, remembering that Dr "W angen‘»teen 
advocated it many years ago We have used it for about a vear now, in approximately 
87 open heart cases, and have found that it is extremely useful and advantageous, par 
ticularly in patients who have pulmonary difficulties such ns lie has described "Ue have 
not been able to retain the integrity of both pleural spaces in main instances, and alwavs 
dram the left pleural space as well as the right if it is entered Another drain is alwavs 
placed near the well fenestrated pericardium to prevent tamponade 

It 18 said that one cannot expose a persistent left superior vena cava through tins 
incision This is untrue, for it is quite easy to bring it into view bv retracting the left 
atrial appendage A large ductus may be difficult to manage if there is gross cardiac and 
pulmonary artery enlargement, but an average ductus may be dissected intrapericardialh 

DE SIRAK (Closing) —This afternoon you have seen some suggestions for managing 
patients who already have severe pulmonary hypertension Dr Jfullcr’s discussion brings 
up the other side of the problem—that is, trvmg to interrupt this process before it reaches 
such an advanced stage Tins problem could beat be attacked during infancy These 
verv sni ill patients alreadv liave varnng degrees of vascular changes, but still have large 
flows Unfortunately, the risk of open heart surgery in this group is still eonsideralile 
Therefore, it would seem logical to approach this problem using a two stage method 

I should like to show an example illustrating this approach This is a child who 
at the age of 2 months, developed heart failure and had recurrent pneumonia A pul 
monarv ^^tuck” was performed at that time (1^55) He did very vveJI until 2b months 
of age when he began getting cyanotic and had a marked decrease in Ins nctnitv tolerance 
Although he had marked clubbing and cyanosis, he had gained in weight from 7 pounds 
(at the time of the first stage “tuck”) to 32 pounds at the time of the second stage open 
heart procedure (slide) Tins is the appearance of the anatomy at the time of the open 
heart operation for repair of the “tuck” and closure of the septal defect (slide) Not 
shown here is the enormous amount of scar tissue which was present m the bed of the 
“tuck” area This precluded dissecting out the pulmonary artery I might add that 
there were very few adhesions in the pericardium After closing the mtorventricular 
septal defect, a probe was passed via the right ventricular incision up through the con 
stTicted area of the pulmonary artery The arterv was then incised from the valve to 
its bifurcation, demonstrating a very narrow lumen (3 mm ) through the “tuck^’ area 
A piece of aortic homograft was then sewn to the edges of the opened stenotic area to 
form a new roof, thereby restoring full patency to the pulmonan arterv (slide) I think 
that tlie aortic homograft probnbU will do very well in such a low pressure area and 
that the diameter is adequate to carry him through adulthood 

(slide) This is the cardiac catheterization done just before the pulmonan “tuck ” 
He had a moderate amount of pulmonarv hvpcrtension and tlie biopsy showed moderate 
vascular changes "iou wiU note that the cardiac catheterwation done lust before the 
second operation for removal ot the “tuck' and closure of the aeptal defect shows pro 
nounced right ventricular hvpertension with a gradient across the “tuck” area I he 
peripheral arterial saturation indicates how markedly cyanotic he had become The last 

catheterization, petforined 2 montlis after removal of the “tuck” and closure of the 

defect, shows obliteration of the shunt and normal pressure and saturation values in the 
right ventricle and pulmonan artery (slide) lliis is a picture of the child months 
after the definitive procedure 

I should like to ask Dr Lillehei what kind of respirator he uses for complete eon 

trol of respiration Also, what is the size of the perforations m the Ivalon patch? Ho 

mentioned that he is now using the median sternotomy evclusueh Me have also found 
this to be a verv suitable exposure for all congenital lesions except those associated with 
a patent ductus 

The question is raised whether, in imploving a first stage aorf ^ ar\ 
as we have advocated, the lungs might be further damaged hv the of v 
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left-to-riglit shimt. I do not believe that this is a problem because flow is reduced 
through the tubular graft and, furthermore, it is left in place for only a few months. 
Dr. Lillehei has advocated, in his paper, creating a shunt from the pulmonary artery to 
the left atrium in order to divert pressure away from the pulmonary arterial bed. By 
doing this, a tremendous flow-gradient would be established, thus inducing a large bleed- 
off from the pulmonary artery. I should like to ask Dr. Lillehei whether this might not 
seriously compromise pulmonary perfusion. The work of the left side of the heart would 
also be increased. 

I would like to thank the discussers, my sponsor, and the Association for the 
privilege of the floor. 

DE. C. WALTON LILLEHEI, Minneapolis, Minn.—This discussion was not re¬ 
turned.— ^Editor. 
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CRITERIA OF THYMIC CANCER AND CLINICAL 
CORRELATIONS OF THYMIC TUMORS 

Geoige D Andutsahs, M D ,* and Sheldon C Sommets, M D, Boston, Mass 

P KOBVELt no neoplasms lia\c gnen jmtUologists moic difficnlU m subclassi 
flcatjon limn tlninomas AVhcthei am mednstinal tumoi that is mahgn.int 
can be lecognized as ot thjmie oiigin is an unsettled question nteathod in con 
troveis} The confused and incomplete status of our pieseiif laiowledge eon 
coining thjunie phjsiologi and disease is ivcll Knonn Foui impoitant clinical 
sjuidionies sometimes accompanied In tlmnic tumois, i e , agammaglobulinemia, 
Cushing’s siiidiome, miasthenia giaiis, and icfiacton anemia, haio iccentli 
.Housed mote gcneial intciest 

In inodeiii pathologic olassific.atioii, it appeals dcsiiablo to siipciscde the 
piimilne ineliisnc teim tlnmoina Until tlmoid siugei^ hec.ame (.ominonplnee, 
the name stiunia icfeiied simihuh to laiious tlnioid and othci conical masses 
now bettci undeistood and classified iiioic definitelj In the pieseiit elinico 
pathologic studs, the inoiphologic aspects of thimic tiimois that indicated 
canecious behaMoi oi suggested the picsence of .an accompamiiig clinical 
siiidiome aio of pinnaij inteiest Secoiidaiih classification of tlnmic tumoi-s 
.ind clinicopathologie coiiehitions aie coiisidcied 

S.alient eionts in the liistou of th3init tumoi pathologj aic listed in Table 
I Aitides lepoiting small senes aic too numeious to be cited sepaiatel3 

From the PopartnicntH of Patholo».\ ■Ma‘»*«acliusttt't '\kmorhil I^osoltal*? and Eoston 
Unl\er‘?itv School of Jledlclnc Fo«ton "M ivs 

Aided In part bj firrant-? (C 2480 fC 2J nn 1 C 101") fiotn the iNationnl Institutea of 
Health IJ S Public Health ‘^er\Ico 

Received for publication Vupr 1 l‘>aS 

•Present address \etcrins \ lininistration Host Ital Surniounl ^ \ 
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Table I. Histokical Events in Thymic Tumor Pathology 


Grancihomme,i8 1900 
Weigert,4o 1901 
Bell,4 1917 
Ewing,15 1928 


Lej'ton, et al.,-! 1931 
Davidsolm,ii 1941 
Lo\venhaupt,25 1948 
Good,!! 1954 


Term thjTnoma introduced 

Case report of tliymic tumor with myasthenia gravis 
Eightj'-four thymic tumors reported, 11 with myasthenia 
Tliymic tumors classified as 

(1) Ijinphosarcoma or thymoma, 

(2) carcinoma of reticulum cells 

Thymic tumors in 2 cases of Cushing’s syndrome reported 
Thymic tumor and aregenerative anemia described 
Embryologic classification of thymic tumors proposed 
Thymic tumor with agammaglobulinemia reported 


jMATERIAL 

In this study, fifty tumors considered to he of thymic origin were re¬ 
examined histologically and the clinical histories were reviewed. In addition 
to material from Massachusetts l\Iemorial Hospitals, cases tvere also obtained 
throngh the courtesy of Dr. James A. Graham, St. Elizabeth’s Hospital, Dr. 
William A. jMeissner, New England Deaconess Hospital, Dr. Stanley L. Bobbins, 
Boston City Hospital, and Dr. Caesar Tedesehi, Veterans Administration Hos¬ 
pital, Boston. Nine tumors were autopsy specimens, thirty-three were surgically 
resected from the anterior mediastinum, and eight were represented only ly 
biopsies. Four of the latter were obtained during exploratory thoracotomy. 
Three were obtained through neck incisions in patients vuth clinical diagnoses 
of primary thyroid disease and retrosternal extension. The last biopsy speci¬ 
men was obtained from a metastatic scalp nodule and the primary mediastina 
lesion wms not examined. 

Seven of the autopsied cases had had advanced symptoms attributed to an 
expanding mass in the anterior superior mediastinum. Tvo of tie pa 
died suddenly folloudng administration of Dilaudid and Pentothal, iTspectn j, 
while x-ray therapy apparently had accelerated the death of o lei • 
autopsied patient ^vith myasthenia gravis died wnthout surgica -• 

In the remaining case, the tumor Avas an accidental postmortem finding m . 
patient whose death was ascribed to infestation with Strongylotdes stcrcorahs. 


PATHOLOGY 

A diagnostic classification of thymic neoplasms must take into 
major tissue components of the thymus: (1) thymic 

bel eved to be of entodermal epithelial origin; (2) Td 

nective tissues, especially fat. The four most recently f fished 
American detailed subelassWeations of thjrniio ’ “ Tliacln-a,-” 

Effler and McCormack.- Lattes and Jonas,- considering 

liave many more similarities in tlicii teimino ogj .vailaWe In the 

possible chance variations in the types of case „tuer 

present scries, composite descriptive terms already ^ designation of 

Reports arc applied to several of the tlitmne 

adenoma or carcinoma added in accordance mth their lieni„n 
pathologic characteiistics. 
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Cijteiia of thjTiuc cancel that have pio\ed applicable to othei tissues aie 
imeioscopic anaplasia, and iniasion, eithci gioss oi iiiiorosoopic The oiitei 
fibioiis tlijTnic tumor capsule may be found infiltrated oi broken by neoplastic 
oiitgioaths, and this aggiessne behavior indicates a locallj malignant change 
In fact, most thymic cancels aie adenomas uitli eapsiilai penetration and local 
tissue invasion, similar to the thjioid adenomas with capsulai invasion, adaraan 
tinomas oi ejlindiomas in their growth behavuoi A few thymic caicinomas 
have implantation or cmbolie metastases, mostlv within but occasionally out 
side the thoia\ Lnei and cervical Ivmph nodes aie appaiently the most 
common sites of distant metastasis 

When a mass Ijing in the usinl anatomic position of thymus has a micio 
seopic pattern of epitlielial letieuliim mingled with lymphocytes and tiabeciilae 
leminiscent of thymus, and the patient has no othei evident neoplasm else 
where, a diagnosis of thvmiic neoplasm is wan anted Such diagnosis need not 
lest mainly on excluding othei possible neoplasms, but lathei upon ceitaiii 
positive oriteiia considered below 

A Epithelial Neoplasms —In view of tlic common embijonic oiigin of the 
thymus, thvioid, paiathjnoid, and salivaij glands fiom bianchial pouches,^ 
thymic epithelial neoplasms mav logicall) be teimed adenoma oi caicmoma 
Likewise, the difficulties that aic encountcied ui the subclassifieation of thymic 
neoplasms and in the aecuiate assessment of their possible cancoious behaviot 
are reminiscent of those cncouiiteicd with iicoplnsms of the embijologicallv 
lelated thvioid and saliian glands About two thuds of the fiimois in thn 
senes vvcie adenomas oi caicinomas of the tlijiniis, on micioseopic examination 
subelassified as undiffoicntiated, letieuHi, tiabeciihi, cpidennoid, glaiidulai, 
01 adeiioaeanthomatous (Table II) 


TAHir II PAr/iorcKic Diagnoses oi 50 Tjivmic Tu'iors 


TYTE AND TISSUE | 

ADENOMA 

1 CARCINOM V 1 

TOTAI 

A Epitlielnl 

1 Undifferentnted 

o 

o 

4 

2 Eeticular 
a Spindle cell 

12 

o 

14 

b Clear cell 

2 

' 1 

G 

3 Trabecular 

3 

3 

6 

4 Epidermoid 

1 

0 

1 

5 Glandular 

0 

o 

o 

6 Adenoacanthomatous 

1 

0 

1 

1 

BrSICN 

( MAI ION ANT 1 

TOT VI 

B Lvanphoid 

0 

n 

o 

C Embryonic 

0 

1 

1 

D Patty 

1 

0 

1 

E Cjstic 

3 

0 

3 

P Hyperplastic 

0 


9 

Totals 

34 

10 

30 


1 Undiffeicniiatcd 2 adenomas, 2 caicinomas The 2 tumors coiisideied to 
be histologically benign had been biopsied through neck incisions, and no data 
wcie available as to then gioss sire oi the cluneal outcome of the eases 
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Microscopically there were masses of large uniform primitive cells, which had an 
epithelial appearance and which formed linear patterns brought out by reticu¬ 
lum stains (Fig. 1). Invasion was not demonstrated. 

One of the 2 undifferentiated carcinomas filled the anterior mediastinum 
from apex to diaphragm with pink, moist, gelatinous, friable tissue. It had 
involved the left parietal and visceral pleurae, with microscopic intrapul- 
monary and mediastinal lymph node metastases and a metastatic nodvde in the 
liver at autopsy. The otlier carcinoma also involved both the pleura and peri¬ 
cardium. After excision it weighed 685 grams and mea.sured 15 by 8 cm. On 
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is the most common and best laiomi tlijmioma Tlie 12 spindle cell tumors 
weighed from 75 to 320 grams, averaging 14-1 grams in 10 cases, and measured 
from 7 by 5 by 4 cm. to 13 by 9 by 6 cm. Spindle cell adenomas occurred 
in every clinical group except Cushing’s syndrome. They wore well encap¬ 
sulated, firm, and the cut surfaces -ocre visual^’ shining pink to yollow-tan 
and moist, with gray fibrous traboculations projecting into the solid tumor, 
producing lobulations (Pig. 3). 

Microscopically, as frequently described pieviously, the oval, spindly 
epithelial cells were closely packed in coids and sheets with some perilascular 



Fiff 3—T>plcil KToss appearance of sectioned thjinic spindlo cell adenoma, Melfrlilnp- {20 
prani*!, removed from a oT-jear-old nicin 

wliorling Rare Hassall’s bodies weie seen. There was local palisading aionnd 
I’esseh, and simulation of rosettes, as well as growth patterns imitative of cer- 
t.iin meningiomas (Pig 4) The ciiithelial masses were pale or brightly 
eosinophilic and often formed lobular masses between which sheets of Ij-mpho- 
cytes were seen. The latter were also intei-spei'sed among the reticular cells 
Anaplasia and mitoses were usually absent. Dilated l.mnphatics, foci of 
phagoej'tosis o£ hemosiderin, and areas of hyaliniration of the collagenous 
sti’oma were frequent. 

There were 2 reticular .spindle cell carcinomas, and they were larger than 
the adenomas; one weighed 310 graims and measured 14 by 11 by 10 cm. The 
•second encircled the great \essels and invaded the pericardium It was not 
resected and hence was not weighed or racasuied. The lesccted tumor ap- 
jicared encapsulated, but histologically it appealed anaplastic and invasive 
and showed a peculiar hyaline droplet degeneiation between the cells. Lj-mph 
node metastases were present, with similar intercellular droplets '"^ig. a). 
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b. Reticular clear cell adenomas were represented by two tiunors, weigli- 
ing 75 and 120 grams. The latter was associated with myasthenia gravis. 
Grossly, they resembled other thjunie adenomas, but microscopically the 
epithelial reticulum was composed of masses of large polygonal cells, many 
with watery cytoplasm, oval nuclei, and rather coarse nuclear chromatin (Pig. 
6 ). There were 4 reticular clear cell carcinomas included, iveighing from 65 
to 130 grams. They appeared to be partly encapsulated (Pig. 8), but micro¬ 
scopically invaded the surrounding fibrous stroma, and in 2 of 4 cases tlic 
adjacent chest wall or Ijnuph nodes (Fig. 7). 

3. Tvahccxilar: 3 adenomas, 3 carcinomas. This varietj’, also called 
adamantinomatous or cribriform, histologically simulates some neoplasms of 
other branchial pouch derivatives. Two trabecular adenomas were examined 
at autopsy. One, occurring in a case of myasthenia gravis, measured 6 by 5 



Fig. i. 


Fig. 


Fig. 4.—Rosette-1 ilte growth pattern of reticular spindle coll adenoma^and elongated 
shapes of epithelial reticulum cells are evident. (Hematox>-lm and eosin, enlaced 

Fig. 5.—Lymph node metastasis of a reticular spindle jell carcinoma has ° .|jg^atoxylin 
most of the lymphatic tissue, but tlie capsule remains identifiable at the top. t 
and eosin; xi20.) 


bv 3 cm.; the other was 16 cm. in diameter and weighed 320 grains. They 
were pink, glistening, and lobulated. Slieroscopically, the epithelial reticu um 
grew in cords and nodules of palisaded cells, regularly arranged m trabecu ae 
and in focal areas lined up along Ij-mphatic spaces (Fig- 9)- The third la- 

beeular adenoma was only biopsied. ^ 

All three trabecular carcinomas produced pressure sjTnptonis, surroim e 
the great vessels and trachea, and invaded the pleura and pericardium. wo 
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Fig. 6 Fig. 7. 

FIff. C.—Clear reticulum cells fiom a th>mic adenoma are slioun. The t^^o dark larger 
cells contain PAS-positlve cytoplasmic granules. (PAS-a1deli>de fuchsin-Ught green; X600 ) 
Fig. 7.—Invasion of mediastinal conncctiNc tissue by nia®«es of thymic carcinoma, which 
also infiltrated adjacent lung. (Hematoxylin and eosin. XCO.) 



Fig. S—Gi-ossly poorly donuitcated and encapsulated thymic clear cell carcinoma fioin 
a 56->ear-o!d man (From the same case as Fig. 7 .) 
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b. Reticular clear cell adenomas were represented by two tumors, weigJi- 
ing /5 and 120 grams. The latter Avas associated Avith mjmsthenia graAds 
Grossly, they resembled other thymic adenomas, but microscopically the 
epithelial reticulum Avas composed of masses of large polygonal cells, many 
AAutli A\mtery cytoplasm, oAml nuclei, and rather coarse nuclear chromatin (Fig 
6). There aaci’c 4 reticular clear cell carcinomas included, Aveighing from 65 
to 130 grams. They appeared to be partly encapsulated (Fig. 8), hut nncro- 
scopieallj- invaded the surrounding fibrous stroma, and in 2 of 4 cases tlic 
adjacent chest AAmll or Ijunph nodes (Fig. 7). 

3. Trahccxdar: 3 adenomas, 3 carcinomas This variety, also called 
adamantinomatous or cribriform, histologically simulates some neoplasms of 
other branchial pouch derivatives. Taao trabecular adenomas Avere e.varained 
at autopsy. One, occurring in a case of myasthenia gravis, measured 6 by 5 



Pig 4 Fig- 5. 

Pig 4—Rosette-hkc growth pattern oC icticular spindle cell adenonia 
sliapes of epithelial reticulum cells are evident (Hemato-vj Im and eosin, J 

Pig 5 —Lymph node metastasis of a reticular spindle ceU carcinoma has 
most of the Ijmphatic tissue but the capsule lemains identinable at the top (Hemat y 
and. eosin, Xl20.) 


and elongated 
replaced 


by 3 cm , tlie other Avas 16 cm. in diameter and Aveighed 320 grams. They 
Avere pink, glistening, and lobnlated. Microscopically, the epithelial reticulnm 
grcAV in cords and nodules of palisaded cells, regularly arranged m trabeculae 
and in focal areas lined up along Ijmiphatic spaces (Fig 9). The third tra¬ 
becular adenoma AAms only biopsied 

All three trabecular carcinomas produced pressure symptoms, surroim e 
the great vessels and trachea, and invaded the pleura and pericardium fwo 
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Pie. 6 p-ie T. 

Fig-. 6.—Clear reticulum colls from a thjmic aUenoma are sliown. The two dark larger 
cells contain PAS*positue cj'toplasmic granules (PAS-aldchyde fuchsln*IIght green; X600.) 

Fig. 7—InMiaion of mediastinal connoctnc tis*«ue by mas'e's of thymic carcinoma, uhlcli 
also infiltrated adjacent lung. (Hematoxylin and eosm. XCO ) 



p.rr c_Grossly poorly deninrcatod and encapsulated thymic clear cell carcinoma from 

a 5 C-)‘ear-olci man (From the same case as Fig. 7.) 
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cases ]iad implants on the posterior thoracic wall and diaphragm. i^Iicro- 
seopically, there were characteristic tortuous ribhon-likc cords of epithelium 
with nuclear anaplasia, reminiscent of some ameloblastic and salivaiy car¬ 
cinomas (Fig. 10). 

4. Epidermoid; 1 adenoma. Several thymic tumors had squamous foci, 
either as sheet-like masses or concentric nodules in 5 cases (Fig. 11), or with 
recognizable Hassall’s bodies in 7 of the total 37 solid neoplasms In addition, 
some degenerative cysts had squamous linings of epithelial reticulum cells! 
These^ cells were squamous-like but did not shov' all the morphologic details 
of epidermal squamous cells. One benign asymptomatic adenoma, 10 cm. in 
diameter, was found composed predominantly of epidermoid cells, with abun¬ 
dant eosinophilic cjdoplasm and Hassall’s corpuscles. Pure epidermoid car¬ 
cinoma of thj-mus has been reported.^® 



Fig. B. 


Fig. 10 


Fig.. 9—Local palisading of tumor ceils along blood 


a trabecular adenoma. Here the appearance resembles that of some endoctine giann.. 
atoxylin and eosin; X200.) . , . flhrmK 

Pig. 10.—Trabecular carcinoma with cordlike growth pattern and m'a.sion ol 
connective tissue. (Phospliotungrstic acid-hematoxylin; X80.) 


Granulomatous tbynnoma or so-called Hodgkin’s variant of thymoma is a 
separate subtype of tuuior listed in sevei'al other classifications. n t c 
present series, granulomatous-appearing foci of epithelial reticulum cells were 
observed locally in one ease each of clear cell adenoma, spindle cell carcinoma, 
clear cell carcinoma, and trabecular carcinoma. Such multinuelcated gian 
cells occurred in otherwise typical thjmiic neoplasms chiefly in regions o 
marked degeneration and fibrosis, as postirradiation, or in the ima.sne 
metastatic carcinomatous portions.^* 
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The granulomatous or giant cell foci were usuall}’ characterized by large 
inononuelcnv or 2iiultinuoleatcd cells clascly simulating the Eeed-Sternbej’g 
cells of Hodgkin’s disease, particularly in hematoxylin and eosin preparations. 
Nucleoli were prominent and the jiuclear chromatin scanty. At times, con- 
centi’ic whorls of .similar cells had a nuclear elongation, indicative of their 



Fig- 11—Focnl cniilorinoitl growth pattern of tliMiuc carcinoma, with in\asion of lunff, 
surrounding- the amill bronciil in the center. J3lsewheie tills thymic carcinoma had a retic¬ 
ular pattein (Hcmatoxjlin and eosin. X125.) 



Fig 12 


Fig. U 


1 ig. 12—Special stain of giant cells fiom granulomatous focus of thvnifc caicinoma. 
uemonstrating the c>topld^mIc gr.anulations characteristically found. (PAS-aldchj de fuch- 
sin-Iight green. X75U ) 


Fig 13—Same stain of specimen of Hodgkin's disease, y\itli Reed-Sternbpig cell, sliow- 
no cytoplasmic granules i PAS-aldeliy de fuchsin-light gretn , X750 


thjnnie origin, and 2TOt seen i2i iymphomatous reticulum cclls.’'^' The peri¬ 
odic acid-SchilT (PAS)-' or Oomori aldchj-do fnchsin metliods stai2icd eoar.se 
granules, respectively, i-ed and purple in tlie epitlielial giant cell cytoplasm 
(Pig. 12 ). Genuine I{eed-.Steinbe2-g cells c02itained no cytoplasmic les 
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that were stained by these methods {Fig. 13). Differential staining may 
warrant a wider application in fntnre investigations of Hodgkin’s disease 
particularly as to its imputed thymic origin. 

5. Glmdxdar: 2 carcinomas. The benign adenoma of pure glandular 
pattern is unlcnoum, but tliymic adenocarcinoma has a significant status be¬ 
cause of its peculiar relation to Cushing’s sjmdrome. This combination has 
been described in 10 reported eases.®’ 

One comparable case of the sjmdrome, previously reported,®^ liad a 1,898 
gram thjTuic adenocarcinoma until a histologic ribbon-like epithelial pattern 
excised. It had invaded the left lung. The patient did not survive operation, 
and at autopsy there was an embolic metastasis of adenocarcinoma to a medi¬ 
astinal Ijnnph node. The other case was that of a 63-year-old, asj'mptomatic 
man without endocrine disease. He had a 135 gram, 8 by 6 by 5 cm., homo¬ 
geneous, pink thymic adenocarcinoma resected. There was Ijnnphatie invasion 
and metastases to 1 of 10 regional lymph nodes. Microscopieallj', the tumor 
was in part composed of euboidal epithelium and somewhat resembled mammary 
carcinoma (Fig. 14). 



Pig. 1‘1.—ThMiiic adenocarcinoma, without .-ippaient endocrine conelations, growing m colds 
Of cuboulal cells, with liyaiinizea stroma. (Hematoxylin and eosin, 

6 . Adexioacanfhomafous: 1 adenoma. This tumor measured 8 by 5 by 1 cm. 
and produced pressure S 3 Tniitoms in a 72-year-old man. It was^ adlierent to 
the aorta and pericardium at the cardiac base, and was locally calcified. ^ Micro 
seopically, there were glandular, papillary, and adamantinomatons regions, as 
well as epithelial cords, keratinized sheets and whorls, with partly formed 
Hassall’s corpuscles. No invasion was observed. 

Some tbymic adenomas and carcinomas showed evident transitions between, 
and intermingling of, the reticular, trabecular, glandular, and epidermoi 
types of differentiation. Foci of reticular spindle or clear cells occurred m 
/ome neoplasms that we elsewhere chiefly trabeenlar. This v.naW.ty o( 
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pattern at times made eiassiiieation difficult, a problem whieli is also encoun¬ 
tered in salivary gland neoplasms. The multiform groudli patterns of thymic 
tumors may reflect the complex processes ohscn'cd in its emhryogenesis."' 

B. Lymphomas .—Two tumors are included. One was discovered in the 
chest x-ray film of a 77-year-old woman. On operative e.xploration, a largo 
mass measuring 15 by 15 cm. rvas found in the anterior mediastinum. The 
tumor was solid \vith many fungating excrescences around the large vessels. 
The other case, in a 9-year-old girl, was recognized at autopsJ^ The entire 
mediastinum was filled with tumor. Her death was ascribed to pneumonia 
secondary to bilateral compression of the major bronchi b,y tumor. 

The neoplasm in the adult case was composed of rather large immature 
lymphoid cells rvith spherical or notched nuclei, classified as lymphosarcoma. 
In the child, mature Ijnnphoej'tcs predominated, and the tumor was considered 
a malignant Ijunphoeytoma. Both neoplasms infiltrated and penetrated the 
fibrous thymie capsule, vessel walls and trabecular stroma in the manner 
characteristic of malignant lymphomas. In neither case was any lynnpboma 
found elsewhere in the body. 

C. Embryonal Carcinoma .—One case was so diagnosed. The patient had 
an anterior mediastinal tumor, clinically regarded as Hodgkin’s disease and 
treated with nitrogen mustard. Tissue was not obtained from the primary 
tumor, but before he died a metastatic lesion on the scalp was biopsied. Micro¬ 
scopically, the appearance was comparable to a poorly differentiated dysgermi- 
noma or testicular carcinoma, without any teratomatous features or lymphoid 
stroma. It was compatible with a mediastinal cmbi-yoma of the "seminomatous” 
type reported to develop in the thymus.^”’ *" 

D. Thymolipoma .—The one case found was asymptomatic; the tumor 
was discovered in a routine roentgenogram of the chest. It measured 11 by' 7 
cm., weighed 54 grams, and had the consistency and appearance of an ordi¬ 
nary lipoma. It was loosely adherent to the mediastinal structures, and 
microscopically was wholly composed of adult fat, aside from fibrous trabeculae 
suggesting thymus,^’ 

E. Cysts .—Three cystic tumoi-s are included. One was located in the 
neck, and 2 in tlie mediastinum. The cyst in the neck measured 4.5 by 4.5 by 
0.2 cm. and was loosely adherent to the surrounding tissue. The cysts located 
in the anterior mediastinum measured 11 by' 9 I)y 5 cm. and 9 cm. in diameter, 
with walls avei-aging 0.5 cm. in thickness. They were loosely adherent to the 
surrounding tissues and contained thin viscid fluid. 

Microscopically, all 3 cy'sts had tliymic tissue in their walls. The cervical 
and one of the mediastinal eysts were lined by epithelium like that found in 
branchial cleft cysts,-** squamous in the cervical and mixed columnar, mucus- 
producing and ciliated in the mediastinal cyst. The other cyst was lined by' 
mesothelium.*'' A cy'stic thymic clioristoma has been described.® 

F. Hyperplasias .—Nine tumors were included, which some pathologists 
would prefer to consider lymplioepithcliomatous thy'moraas. Tlie largest 
weighed 550 gi’ams and had the appearance of a tremendously' enlarged thymus, 
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Wit}i a longitudinal fibrous furrow di-sidino- the mass intn ^r.u 
smallest tumor measured 9 by 7 h.v i cm. The average tumor was SS hv 18 
cm. and we.glmd 260 grams (Fig. 1.5). All luad a well-formed ffli^s e„U! 



Pig- 16.—Simulation of germinal center of lymphatic tissue in a thymic hyperplasia accnni 
panying myasthenia gravis. (Hematoxylin and eo.sin; XSO.) 


that sent projections into the tumor dividing it into lobules. Cut surfaces 
were of pink or yellowish-pink color. Two tumoK associated with myasthenia 
gravis contained small cysts filled with a gelatinous semisolid material. The 
rest were homogeneous. Hemorrhages were frequently present. Microscopi¬ 
cally, no definite cortex or medulla was distinguishable; instead there was a 
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gcneiallied oioigiowth of all thjniie constituents except foi Hassall’s coi 
puscles, which woie lehvtnolv few Sometimes the tlnmie loticuliim appealed 
laciiolated and loimed rounded, lighth stained foci lesembling germinal 
centeis in Imijihatic tissue (Pig 16) No homogeneous 01 localised piolifeia- 
tions weie seen that could bo tcimed neoplastic In these 9 cases, there was no 
e\idoiicc of eaiicoi and it is not clcai that eitlici ma,ioi tlnmio component was 
neoplastic Siimlai cases weic included 111 the gioup designated In pei plasm 
hv Bn an, McDonald, and Clagett ’ 

CI INIC 111 D VT1 

Pioin data aiailahle in the clinical itcoids 5 distinct clinical gioups weie 
distinguished (Table III) One case could not be included in the clinical 
sunc 3 because of insuffleient infoiiiiation 
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Hyperplasia 
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Total number of caoe-^ 


23 



20 



7 



•Includes ' case®! of refncloij anemia «n I 1 ca^te of Cushing ts «>nrtrome 


1 Pic<!sutc Symptoms—20 cases Usiiallv theic weie indications of an 
expanding mass in the aiifciioi snpciioi inednstiiium These simptoms laiied 
fiom the mildest antciioi chest wall distonifoit, pain, and cough to a iiiaiKcd 
leiious distention of the neck and nppci chest wall, with edema of the face 
and neck, cianosis, dispiiea, and oithopiiea Hemoptisis and displiagia weie 
each pieseiit in thiec instances ‘Weight loss was milked in the iiioie adianced 
cases Tliiec patients opeiated on piioi to 1939 had tiinioi extensions into the 
suprasternal legion, elmiealh oiigiii.ilh iiitcipieted in two instances .is colloid 
goitei and in the thud as a eaiciiionn of the tlnioid with letiosteiml extension 
One patioiif liad a swelling ni the l.ateial aspect of the neck like a tipieal 
biaiiclii.il clett cist The loungcst piticnt in tins gioup was 7 and the oldest 
72 leal's old .‘Seien p.itieiits died without suigical inteiieiitioii 

In alt of the .lutopsicd cases, tlicie w.is lui.ision of one m moic of the 
adjacent oig.nis such as peiiciidiiim and jihiiia, ,is well ,is imohement of 
the huge lessels ol the siipeiioi iiiediistimnn As shown in Table III, thcic 
woie 9 malign.iiit tlnmie neojil.isms .inioiig tin 20 with piessiiro simptoms 
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Most of the total thymic cancers in this series uero found in this clinical m>oup 
and 2 of the 4 cases with Ijnnpli node metastases had pressure sjrniptoms The 
other 2 patients were asynrptomatic. 

2. Asymptomatic. 20 cases. These tumors were discovered either acci¬ 
dentally during a complete medical investigation or in a survey x-ray film 
One tumor was found at the autopsy of a patient who died from an unrelated 
cause. Two were cj^sts, both looselj’’ adherent to the surrounding tissues the 
larger weighing 275 grams and mea.suring 11 by 9 by 6.5 cm. All but’two 
of the solid neoplasms were well encapsulated and without invasion. They 
were completely excised. The largest measured 13 by 9 by 6 cm. and weighed 
320 grams, and the smallest measured 6 by 5 by 4 cm. and weighed 65 grams 



Fig-. 17 —Part of a reticular thymic adenoma in a case of aregenerative anemia 
peculiar block-like nuclear chromatin in the smaller rounded Ij-mphoid cells is illustrateo, m 
contrast to the appearance of Pig 1 (Hematoxjlin and eosin , X500 ) 


Of the 2 tumors that were not sharply demarcated, one was a relatively 
small mass measuring 5 by 4 by 3 cm. that had invaded the hilum of the left 
lung. It was excised together with the lung. The second measured 15 b}’’ 15 
cm, had invaded the pleura, the pericardium and surrounded the great vessel 
Only a biopsy was obtained. This latter tumor had been tdsualized first in 
a chest roentgenogram 14 years prior to surgical exploration. The youngest 
patient in the group was 20 yeai’s old and the oldest 63. Five of the 20 cases 
were diagnosed pathologically as thjnnic cancers 

3. Myasthenia Gravis .—7 eases. The average age was 40 years, ranging 
from 29 to 50 years. There were 4 women and 3 men. The average duration 
of symptoms prior to operation was 6 months, varying from 1 to 16 months. 
Pathologic diagnoses were thymic hyperplasia in 2 cases, reticular ceU adenoma 
in 3, reticular carcinoma with capsular invasion in one, and trabecular adenoma 
in 1 case. 

All 7 thymic tumors udth myasthenia grams, whether of hyperplastic oi 
neoplastic type, contained abundant foamy or vacuolated reticulum cells re¬ 
sembling clasmatocytes, either scattered or in nodules in the thymus suggesting 
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lympli node germinal eenters."” This histologic feature was considered most 
snggestive of myasthenia,^’ -■ although 3 other cases not associated with any 
neuromnscular disease also had structures present in thjmiic tiimoi’s resembling 
germinal centers. Six patients had the tumors excised, and one died before 
any surgical intervention, G weeks after the onset of sjTuptoms. In one patient, 
myasthenia first developed following excision of the tumor.*’’ Another pa¬ 
tient had a multi-endocrine disorder characterized by hypopituitari.sm with 
secondary hypogonadism and adrenal hypofunction. Myasthenia developed 
during endocrine treatment. 

Six of the tumors were well encapsulated and offered no technical diffi¬ 
culty to the surgeon. Only one had invaded the pleura and surrounded tlie 
great vessels. The largest tumor weighed 140 grams and measured 9 by G by 3.5 
cm., the smallest weighed 25 grams and measured 2 cm. in diameter. 

4. Aregcncralivc Anemia .—2 eases. These cases have been previously re¬ 
ported.”’ ” Both tumors were well encapsulated, measuring 8 by 6 cm. and 
10 by 9 by 5 cm., the weight of the latter being 270 grams. Both were sur¬ 
gically excised and classified pathologically as reticular spindle cell adenomas. 
The associated lymphocytes were peenliar because of an abnormal block-like 
appearance of their nuclear chromatin, and similar abnormal “Ij-mphoid” 
cells were present in the bone marrow biopsies that wore completely devoid 
of ei’ythi’opoiesis (sec Kg. 17).’ One woman later developed agammaglob¬ 
ulinemia.” 

5. Cushing’s Syndrome .—1 case. A 32-year-old man was subjected to 
thoracotomy and died during surgery. The tumor was found to be a thymic 
adenocarcinoma which was densely adherent to, and encircling the innominate 
veins, and had also invaded the pericardium and the hilum of the left lung.” 

DISCUSSION 

Recent studies of larger numbers of thymic tumors have improved path¬ 
ologic knowledge concei’ning classification of these peculiar and challenging 
neoplasms. The epithelial nature of a majority now seems accepted, as in¬ 
dicated by the terms of previous authore such as adamautinomatous, lympho- 
epitheliomatous, and cribriform. Acceptance of most thymic neoplasms either 
as adenomas or carcinomas may encourage a closer correlative comparison 
with the tumors of other branchial pouch derivatives. 

That thymic cancers metastasize only occasionally need not prevent their 
recognition. Ameloblastomas, basal cell cai-cinomas, cylindromas, gliomas, cer¬ 
tain thyroid tumors like so-called “wuchernde Struma,” and malignant men¬ 
ingiomas, among others, are recognized as cancers not liliely to metastasize. 
Local compression, destruction and invasion of mediastinal structures may 
prove fatal in some thymic cancers before any metastatic deposits become 
established. Surgical specimens carefully studied may show invasion of at¬ 
tached lung, lymph nodes, and mediastinal connective tissues. 

Many mysteries surround the tlij-mus as a possible endocrine gland or 
a reflector of a hoi’monal deficiency, such as with adrenal cortical or medullary 
hypofunction.” Ljuuphocytes apparently are attracted by‘the epithelial 
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THE NATURAL HISTORY OF CARCINOMA OF THE LUNG 

Geotge L Lmeison, ill D , Mat ton S Emeiso/t, /II D , and 
Chatles L Sbeiuood, M D ,Rocheslei, N Y 


I N THr "MMORm of instances, cailj diagnosis and ablation of cancel "nill iield 
the gieatest numbci of euies Since the most ladie.il opoiation practicable 
IS euiientlv used foi cancel of tlic lung, cailici diagnosis should impioic the 
picseiit 3 to 6 pel cent eiiic late 

Use of clinical diagnostic methods such as hionclioscopi, citologv, scalene 
biopsy, and tlioiacotomy have iiieieascd in recent j’cais and have helped to mahe 
eailiei dofinitne diagnosis Ilowctei, a significant change on a roontgcnogiam 
of the chest fiequeiitlj is the fiist positive finding and often piecedes clinical 
simptoms Tlie pimoipal ohjeetiic of this studi has been to gain non infoima 
tioii about these caili changes and, nheie possible, to ohseiie the alteiatioii 
in such \ lai shadons ivitli the passage of time To tins end, all locntgeno 
giams ohtaiiiahle on pioiod eases of piilmonai^ cancel base been collected and 
studied 

■METHOD 

Oici 400 cases of pulmoiiaii cancel seen m this hospital bale been re 
Moned Tins lepoit oovois 3G0 pioied cases, the maiorit} baling been diagnosed 
Mithiii the past 15 vears Rccoids wcie abstiacted and infoimation iias solicited 
from suiiiiing patients, families, plnsicniis, liospitals and othei institutions 
nlieie radiographs mai Iiaic been taKcii Anj past ladiogiaphs aiailable 
Mcic gatheied and rciicMcd in coniunction intli latei films made at the time 
of the diagnosis of the patient’s caicinoma ,tll films iiere studied in joint 
session In the authois AYlicie theie iias anv question of the piesence of an ah 
normal shadon, the opinion of tiio unbiased scnioi radiologists uas obtained 


RESULTS 


AVliiIe the ladiogiaiihic studi of these cases has been the piiine aim of 
the protect, ceitam antillaii statistical infoimation is included fot geneial in 
teiest iiith no fnrthei claboiatioii Tables I through VI list statistics relating 
to age, se\ occupation, smoKing habits simptoms, di.ignostic methods, and cell 
tl pe 
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T.tBLE I. 

Sex and Age Distribution in 

360 Cases 

OF Lung Cancer 


1 NUMBER 1 

PER CENT 

1 average age 

Male 

313 

87 

59.4 

Female 

47 

13 

56.2 

Total 

360 


58.9 



Table II. Occupations in 3(50 Cases of Lung Cancer 


OCCUPATION ___ 

White collar worker 

Housewife 

Not known 

Hazardous dust exposure 

Truckdrivers and mechanics 

Laborers 

Carpenters 

Farmers 

Machinists 

Pciintcrs 

Railroad yard and engine workers 

Restaurant workers 

Tailors 

Janitors 

Plumbers 

Pressers 

Garbage collectors 

Bartenders 

Barbers 

Gardeners 

Laundry workers 

Porters 

Stationary engineers 

Basket weavers 

Firemen 

Grocers 

Policemen 

Printers 

Miscellane ous (1 each) _ __ 

reflects multiple occupations. 


NUMBER 


82 


PER CENT 

22X 


10.3 

9.4 

8.1 


37 

34 

29 

2(5 

IS 

17 

15 

14 

12 

9 

8 

8 

G 

5 

5 

4 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 

5 


7.2 
5.0 

4.7 

4.2 
3.9 

3.3 
2.5 
2.2 
2.2 

1.7 

1.4 
1.4 
1.1 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.6 
0.6 
0.6 
0.6 
0.6 
0.3 


‘Total flgmre 
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Table III Sjioking Habits in 3C0 Cases or LuNo CANOEr 



WOMEN j 

MEN j 

TOTAL 

■VO 

1 % 1 

1 NO 

i 95. 1 

i NO 1 

9o 

No information 

18 

38 

129 

41 

147 

41 

Non*!mokcrs 

18 

38 

7 

2 

25 

7 

Group A smokers* 

G 

13 

92 

30 

98 

27 

Group B smokers t 

5 

11 

85 

27 

90 

25 

Total 

17 

100 

313 

100 

3G0 

100 




1 


TOT \L 

For 


MEN 

EXPOSED 

MEN EXPOSED TO ' 

SMALLER 

. Group 


TO 

PDSTt 

COMBUSTION FUMES 

r\sT 4 

YEARS} 


VO 

1 % 

1 KO 

1 95. 

NO 

1 95. 

No information 

0 

31 

G 

23 

39 

24 

Nonsmol crs 

0 

— 

0 

.— 

12 

7 

Group A smokers 

7 

24 

4 

15 

56 

35 

Group B smokers 

13 

45 

10 

62 

55 

34 

Total 

29 

100 

26 

100 

162 

100 

•Smokers of less than 1 package per daj 





tSmokers of 1 package or moie per daj for 20 plus a ears 



tfor example ^\ith a potent! il for 

producing pneumoconiosis 


SReflects better recorded Information In more recent >ears 



Tabie IV OcourrENoE op Simptous in 300 Cases op Long Cancep 


FITST SYMPTOM | 

1 LATER SYJirrOMS 

1 

NO 1 

% 1 



1 I<0 1 

95. 

1 Cough 

194 

54 

1 Sputum 

214 

60 

2 Chest pain 

38 

11 

2 Chest pain 

151 

42 

3 Weight loss 

30 

8 

3 Hemoptysis 

130 

30 

4 Dyspnea 

20 

6 

4 D>'spnca 

109 

30 

5 No symptoms 

19 

5 

5 Weight Joss 

89 

25 

(i Patiguc 

17 

5 

6 Cough 

85 

23 

7 Bone pain 

12 

3 

7 ^\^lecze 

37 

10 

8 Pleuritic pain 

7 

2 

8 Pleuritic pain 

27 

8 

9 Nerve disorder 

7 

2 

9 Hoarseness 

23 

0 

10 Hemoptysis 

6 

1 

20 Nerve disorder 

21 

G 

11 Hoarseness 

4 

1 





12 Mass m nccl 

3 

1 





13 Mi‘JC (1 each) 

4 

1 






Table V Diagnostic PROcEDurcs in 360 Cases of Catcinoma of the Long 


rrocEuurE ! 

NiniBFR 

j PEr CFNT OF i 

1 rrocEDUPEs 

[ PEP CENT Ol- 

1 *5? PIES 

JJroncfioscopy 

Total examinations 

230 

100 

64 

Abnormal appearance 

191 

83 

53 

Positive biopsy 

99 

43 

28 

Negative biopsj 

39 

17 

11 

Scalene Biopsy 

Total examinations 

70 

100 

19 

Positive biopsj 

4G 

66 

13 

Negative biops> 

24 

34 

7 

Papanicolaou Smear 

Total examinations 

S4 

100 

23 

Positiic 

63 

75 

17 

l^egativo 

21 

25 

6 

Thoracotomy 

Total operations 

150 

100 

42 

Pneumoiiectonn 

60 

40 

17 

I oboctomi 

18 

12 

5 

Nonre«octable 

7J 

48 

20 
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Table VI. Cell Type in SCO Cases op Carcinoma of the Lung 


CELL TYPE 1 

JtEN 1 

1 WOMEN 1 

TOTAIi 

1 PER CENT 

Epidermoid 

137 

9 

146 

40 

TIndiiferentiatod 

epidermoid 

127 

16 

143 

40 

Adenocarcinoma 

16 

17 

33 

9 

Oat cell 

17 

0 

17 

5 

Not classified 

G 

3 

9 

3 

No section (gross 
appearance; cytology) 

10 

2 

12 

3 


Table VII is a clinical analysis of 10 patients surviving 5 years or more, 
an incidence of 2.8 per cent of the total gi’oup and 3.1 per cent of the cases seen 
during the 15-yoai' period in •which these survivors wei’c diagnosed. 

Table VIII indicates the average interval from the first .symptom to clinical 
diagnosis, to pathologic diagnosis, and to death in varying numbers of patients. 


Of major concern in this study is the information tabulated in Tables IX 
and X, These indicate the average interval elapsing between the earliest radio- 
graphic evidence of the individual’s cancer and the clinical diagnosis (Table 
IX) and the pathologic diagnosis (Table X). In each ease, this is ayciaged 
for four categories: (1) all eases; (2) excluding patients in which the inteival 
between the earliest radiographic evidence and diagno.sis was zero; (3) excluding 
patients in which this interval was less than 3 months; and (4) excluding all 
cases in which this interval was less than 6 months. Because of the nature of 
the shadoAVS seen in x-ray studies at the time of diagnosis, it is highly probable 
that some abnormality would have been present if films had been taken at anj 
point during the 6 months or year prior to diagnosis. Therefore, the_ more 
significant is the last group. Bigler and his group have been interested m the 
duration of pulmonary cancer for some time and have brought out t ns pom . 

Radiographic Findings.—As previously stated, the major mterest m this 
pMieet has centered around a study of the early radiogi-apluo “ 

earemoma of the lung. In reviewing all earlier films, changes have 'j" ™ sW 
whioh could bo correlated with the eventual, more gross evidence, of to no 
plasm. The tjTtes of change seen and their freqneney are recorded m lawe At. 

1. Ohstncctim pnmmonitis: One of the commonest 
tions of lung cancer, found in 36 per cent of this series, is the = - 
or growth into, a bronchus by the neoplasm. This 

ani eonseqnent poor drainage distally. Ead.op-aph.eally, « ' « are qdle 
not he seen while the secondary changes ot „MitioMl 

common. The term implies a subacute or ,l,i, i, given 

ovidenee of decreased lung volume ’“'“'V,. ^, 11 ,?! ,! heavy linear i 

in Rivs 14. The taflammatovy process is indicated 

*fa' the left base and the partial atelectasis by the elevated ^ 

2 Pm-mchyinal moss; Twenty-two per cent of ‘'lY^'iL'sftnated tumor, 
revealing the direct pr^ t, rl^iCtC-Wy "Sg lesion 

mldtnKg"' 6-9,‘“epj^ntmg a rapidly progressive neoplasm. It will be note 






J MUE Vir ClIMCAL V^\I•iSIS 0> 10 C\SFS OP LUVO CANCEK SukMVINO 5 OR MORJ- YeXRS 

After Opfu\tio'« 


\ ol u c J 7 
Number 3 
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Table Ylll. Average Intorval Between First Clinical Symptom and Cltnicai 
Diagnosis, Pathologic Diagnosis, and Death in 359* Cases op Lung Cancer 



NO. OP 

patients 

AVERAGE 

INTERVAL 

(MO.) 

1 extremes 

OF interval 

Interval between first 
symptom and clinical 
diagnosis 

359 

6.8 


Interval between first 
symptom and patho¬ 
logic diagnosis 

359 

7.8 

0 to 60 mo. 

Interval between first 
symptom and death 

305 

13.S 

2 wk. to 104 mo. 


*Onc case had no recorded clinical history. 


Table IX. Average Interval Between the Earliest Radiographic Evidence of Lung 
Cancer and the Clinical Diagnosis in 350* Cases 


i 

NO. OP 
patients 

1 average 

1 interval 

1 (MO.) 

All cases 

Excluding 153 cases in which 
earliest evidence coincides with 

350 

4.0 

the clinical diagnosis 

Excluding 238 cases in which 
the earliest evidence was less 
than 3 months from clinical 

197 (.56%) 

7.1 

diagnosis 

Excluding 276 cases in wliich 
the earliest evidence was less 
than 6 montlis from clinical 

112 (32%) 

n.8 

diagnosis 

74 (21%) 

15.9 


♦Ten cases of soric.s had no available x-ray studies for review. 


Table X. Average Interval Between the Earliest Radiographic Evidence of Lung 
Cancer and the Pathologic Diagnosis in 350* Cases 


1 

1 

i 

NO. OF 

PATIENTS 

AVERAGE 

interval 

(MO.) 

All cases 

350 

5.1 

Excluding 81 cases in which 
tlie earliest evidence coincides 
with pathologic diagnosis 

269 (77 %) 

6.1 

Excluding 215 cases in which 
the earliest evidence was less 
than 3 months from the patiio- 
logic diagnosis 

135 (39%) 

12.2 

Excluding 238 eases in which 
the earliest evidence was less 
than 6 months from the patho¬ 
logic diagnosis 

92 (26%) 

16.1 


♦Ten cases of tlie serie.s had no available radiogrraphs for review. 


that, of the ten parenchymal lesions a centimeter or smaller in size, none nas 
associated with any other radiographic change. However, half of those ovei a 
centimeter in size were associated with other ahiiormalities such as hilar enlarge¬ 
ment, mediastinal nodes or pleural effusion, an indication of extension of disease. 
This is a strong argument for early excision of any questionable penp lera 

lesion. 
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3 Iljlai nodule In 20 poi cent of this seiics, a subtle increase iii size of 
the hilai shadow was found, ficqucntlj best obscived by coinpaiison w'lth a 
pieiious normal May stndj In the majoritj of instances this change lopic 
sented the dnoct eiidenee of the neoplasm (Figs 10 and 11) 

4 JMat mass Almost equal in fieqiioiici of piesentnig ladiogiaphio shad 
ows was the much more obiioiis massive enlaigement of the hilai shadow, a 
change making diagnosis much easiei and piognosis coiicspondingly poor 


Table XT Trrrs or Early EABioaBAPiiio Abnoesialities Found in 350* Cases 
Proved to Br Luvo Cvncer 


1 


1 

FOUND 

[WITH 

1 OTHEP, 

1 WITH 

2 OTHEP 

rAPiooRAwnc 1 

1 TOTAI 

ALONH 

)abnopmaut\ 

1 ABNORMVLITIFS 

FINDING 1 

1 NO 

i % 1 

NO 

1 

1 NO 

1 % 1 

NO 

1 % 

ObstTuctn G pneumonitis 

129 

36 8 

60 

16 7 

56 

15 5 

13 

3 6 

Piirenclijmal mass 

77 

214 

45 

12 5 

24 

67 

8 

o o 

0\or 1 cm in size 

C7 

18 6 

35 

97 

24 

67 

8 

22 

1 cm or le'5s in size 

10 

28 

10 

28 

0 


0 


Hilnr nodularity 

7^ 

20 0 

17 

47 

47 

13 1 

S 

o o 

Hilar mass 

(.9 

19 4 

35 

97 

25 

69 

9 

2 5 

Atelectasis 

Mediastinal node« or 

53 

14 8 

27 

75 

26 

7 2 

0 


mass 

32 

80 

6 

1 7 

19 

5 4 

9 

25 

ritural effusion 
Parcnchjmal fibrous iii 

30 

83 

4 

1 1 

20 

56 

7 

1 0 

filtrate 

11 

31 

0 

25 

2 

0() 

0 


Piriliilar infiltrate 
Parenchjmal mass i\ilh 

10 

28 

S 

22 

o 

06 

0 


br( al douii 

S 

<> o 

6 

1 7 

o 

0 6 

0 


Obstructive ernph) senm 
Lung infection Mith ab 

7 

1 0 

1 

03 

6 

1 7 

0 


coss 

" 

1 4 

3 

OS 

2 

06 

0 


Diffuse pareimh^nial 









tumor 

0 

00 

1 

03 

1 

03 

0 



•Ton cases of total series had no A\ailablc radiographs for re\iew 


5 Atelectasis Atelectasis was found in 15 poi cent of the patients Since 
all but one of these have died, complete obstruction of a bioiiclius from a tumoi 
IS consideied by the autliois as a poor prognostic sign Figs 12 and 13 illus 
tiafo a patient piesenting vnth loft lovvei lobe atelectasis which was thought 
to he an aoitie aneurj sm 

G Pnicncjiymal mfiltiative density jVn example of a carcinoma beginning 
as a vague fibrous infiltration is shown in Pigs 14 and 15 This change is found 
with tlio same fiequencj as the small paicnchjnnal nodule but is moie often 
confused v\ ith old infection 

7 Miscellaneous- Less ficquciit presenting ladiogiapliic ehaiiges such as 
fluid, omphjseiiia, abscess, etc , aie listed in Table XI 

DISCUSSION 

An average iiiteival of almost 7 months between the fust symptom and the 
clinical diagnosis emphasizes the continued need foi impiovcincnt in cancel 
cdiicafion of the public and the medical piofcssion 

Again, lefeiriiig to Tables IX and X, an mteival between abnoiiml 
shadows and diagnosis of 4 months for all cases, or 
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rie 10 Fig 11 

FlB3 10 11—R M SMK No 29SC90 A 60 }oar old man admitted julj 1349 nlth 
cougli liemoDt>ais uhce^c and a 20i-)>oun<I weight loss dining the preceding 2 months 
Chest X raV'studies a jear before admission (Fig 10) revealed an IJl defined round density 
at the KfosfiT right hllum A >ear later this had enlarged watJi a considerable component 
of atelectasis of the right upper lobe as Indicated b> the elevated hllum and diaphram (Fig 11) 
Biopsj of a cervical Ij niph nole revealed anaplastic carcinoma Patient died one montii lol 
lowing a course of palliative radiation therap> 



Fig 12 Fig 13 


Figa 12 13—if Ale SAIH Ivo V 65 jear old counterman admitted in November 

1954 with increasing cough during the preceding 2 jears and a 36 pound weight loss Ho 
liad had negative chest films until ll/2J/oJ (I ig 12) when an Interpretation of tlioracic 
le The dense shadow along the left licart border is actuallj an 
with the outline of the heart border seen through It Five months 
' ollapsc is shown with associated cmpljseina of the left upper lobe 

revealed opidcrmold carcinoma and thoratomj proved tlie lesion 
died 9 months later 
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smaller, more significant group, plays a prominent part in the delayed dia<^- 
nosis of pulmonary cancer. If we are to improve the cure rate, all methods to 
shorten this interval must be used. 

The data relating to the early radiographic finding.s in cancer of the lung 
have empliasized tliat certain changes are highly .significant. Hilar, mediastina'l 
and large parenchymal masses, as well as gross atelectasis, produce radio- 
giaphie shadows strongly .suggestive of carcinoma and are of serious prognostic 
import. Somewhat less obviously produced by a cancer but to be viewed tvith 
a high degree of suspicion are obstructive pneumonitis, the small hilar nodidc, 
localized emphysema, and thick-Avalled ii'regular abscesses. These carry a slightly 
less grave outlook, -when diagnosed without delay. 



Figr. 14. Fig. 15. 

Figs. 14-15.—J. -W., SMH No. 2951G0. A 58-year-ol(J male reporter atlmittecl_ in March. 
1952, with fatigue, cough, and upper chest pressure. Admission chest film (Fig. 15) revealed 
a large right apical mass and review of a film taken 2% years previously (Fig. 14) showed 
a faint fibrous infiltrate in the first right anterior interspace. At thoracotomy, the lesion 
was proied to be inoperable and biopsy revealed adenocarcinoma. Patient died G months latei- 

Much has been ivritten recently about the isolated parenchymal nodule 
which the authors feel is malignant until proved otherwise.'’ As indicated 
above (Table XI), the smaller the nodule, the less apt it is to have other 
associated radiographic changes and the better is its prognosis. It is felt that 
the small persistent infiltrative density should be vieived ivith almost as much 
suspicion as the isolated nodule. It -will most frequently be confused ivith a 
residual fibrous change from inflammatory disease and the di.stinction. on pure 
radiographic grounds, is often impossible -with a single film. As in the study of 
changes in the hilar region, the review' of current films with any other previous 
films is of gi-eat aid in evaluating the parenchymal nodule and infiltrative 
density. Even if there are no clues to the radiographic differentiation, the 
persistent parenchymal infiltrate warrants close follow-up and thorough clinical 
evaluation. The increase in number of resections noAV being done for these 
lesions should yield a better 5-year suiwival. 
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A definite factoi in late diagno'ns of caicinoma ot tlie lung is tlic abnormal 
film winch is lead as noimal This -Hill happen with oien the most e\penoneed 
etc and Mill not ho complelelj elimintitcd Hontvei, all elfoits can be constiiie 
tnelj diiocted ton aid keeping this faetoi to a minimum In the ease of mass 
sui\e\ esaminatioiis, it is fieqiieiith not tiained ladiologists oi chest specialists 
nlio iiitciprct the films hut othei plissieians efpialh loath to miss a diagnosis 
hut Mitlioiit the specialists’ expeiieiici In such cases, and eten in the estah 
lislied \ laj depaitmeiit, the ideal Mould include double leading of films, pai 
ticulaih the noimal films 

A ici\ minimal change m the hilai shadoM is fiequcntly ovoilooked on a 
single film nheie it would he mote obvious mIicii eompaied Mitli a pretioiis 
noimal film Coiisef|ueiith, mIicii a patient is being studied foi possible eliest 
disease, e\eri effort should he made to gathci all aiailahlc past loentgenogiams 
foi eombmed stiidt hj the clmiciait and ladiologist In this rcgaid, the destine 
fion of chest films should he discoiiiagcd 

As indicated by Table IX, some 4-1 pei cent of the patients in this senes 
had no film taken piioi to the time of diagnosis, oi none Mas aiailablc Yet, 
the changes piesent on admission films mcic such that main patients Mould 
hate had positnc ladiogiaphs it films had been taken dining the pieccding seal 
An meicase m the fuqucnct of films should, tlicrofoie, piotido eailici case 
findings In oidci to ineioase the niimhci of eliest films taken, the gcnoial 
inoreaso in mass suneis m people o\ci 40 tears of ago must ho suppoited and 
pntionts must he enoouiagod to obtain peiiodic \ laj studies of the chest along 
with plnsical examinations AVIieie piaetical, the mdnidunl should bo en 
couiagcd to hate routine xiat studies done at the same ladiologic unit foi 
htttci eompaiison follow up 

Confioiitcd with a suspicious shadow on a chest film and a consequent sus 
pieious lesion m the thoiax it is imndatorv that tlieie he contmuitt of ohscita 
tioii and patient caie Ineicasing niimheis of patients suspected of a cancel 
of the lung todat aie gi\in the adiantagt of modem methods of diagnosis 
Wliete the woiking diagnosis of pnlmonaij eaiieei ismadcmoiepiompth on first 
recognizing ahnoimal x lai shadows these diagnostic methods will ho cmploxed 
earliei in the couise ot the disease It should be emphasized that a high index 
of suspicion Mill nocessaiilv make moie diagnoses than tlicie aie cases and one 
cannot piesiimo that all suspicious lesions will turn out to he cancel How 
evei, unless one piesunies that thee might, the toll of hionchogcnic caicinoma 
Mill not he signifieanth ieduced 

SUMM ut\ 

This papei is a stud\ ot 3G0 cases of pioeed hioncliogemc c.irenioma with 
paiticulai refeience to the ladiogiaphic apiicaiance ot such lesions on anj past 
ladiogiaplis hefoie definitiie diagnosis Statistical information has been accii 
mulated foi gcnci,!! mteiest 

The aiciagc intciMil of time between caih ladiogiaphie change and diag 
nosis for all patients was 4 months In a selected gioup (considered moie 



304 


EMEESON, EMERSON, AND SHERWOOD 


J. Thoracic Sure, 
March, 1959 


significant) in whicli radiographs were available more than 6 months before 
diagnosis, this interval reached the alarming figure of almost 16 months. 

The types of early radiographic changes are described. Methods of reduc¬ 
ing the time interval between radiographic change and diagnosis and, thus, 
improving the current low cure rate, are discussed. 

The authors wish to exjjress their appreciation to Dr. Roger Terry, Department of 
Patliology, for his contribution in reviewing the pathologic sections, and to Mr. William 
Cornwell, of the Eastman Kodak Company, for his lielp m reproducing some of the radio¬ 
graphs. 
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THE SCALENE LYMPH NODE BIOPSY 


Gustav Bansmer, M.D.,* G. H. Laivreuce, M.D.,** and 
Lucius D. Hill, Al.D.,** Seattle, Wash. 

L stmpii nodes in the lower anterior cervical triangle and the retroclavicular 
jt area have long been recognized as a site of metastatic carcinoma from dis¬ 
tant viscera. Virchow’s node is a time-honored finding, classically indicating 
dissemination of a gastric carcinoma to the cervical lymph nodes. Lymphatic 
drainage of the body has been well plotted by anatomists, bnt the greatest 
familiarity was developed in those areas most commonly encountered by the 
surgeon. As a result, the lymphatic drainage of the thorax was of little clini¬ 
cal interest untd the recent devclopincut of thoracic surgery. Although the 
lymphatic pathways of the thorax, pleura, and mediastinum have been docu¬ 
mented by Pouvierc,^ much in advance of its practical usefulness, it was not 
until 1949, when Daniels’ first dcmon.stratod that the nodes overlying the 
scalene muscles could bo sampled in order to gain histopathologic diagnosis 
of intrathoracie disease, that the work of the earlier anatomists became of 
pressing importance. In 1904, Delamcrc, Poirier, and Cunco’ showed that the 
lymph nodes of the lower cervical area also receive the drainage of the 
mediastinal Ij'mphaties, and were not just a part of the drainage system of 
the head and upper extremities. Twenty-five ymars later, Eouviere’ plotted 
the lymphatic fields of the lungs, pleura, and mediastinum and correlated the 
previous information. 

Daniels’ ability to make a tissue diagnosis of intrathoracie disease by 
biopsy of the supraclavicular nodes in 5 i)atients stimulated much interest in 
this area and more data became available for study. There is much confusion 
of terminology in the literature relative to this cluster of nodes and, at 
present, the term, scalene node, is hceoming the most commonly used. Pegard- 
less of the term used, those nodes -which lie in the fat pad over the anterior 
scalene muscle in the triangular space bounded by the carotid .sheath 
medially', the omohyoid muscle supralaterall.v, and the subclavian vein in- 
foriorly', are commonly' called the scalene nodes. Even though they' may¬ 
be designated otherwise, the entity' remains the same when the anatomic 
landmarks are the ones described. Kouviere’s work has been of extreme 
value in developing the lailo of thumb for selecting the site for biopsy. 

Recei\ecl for publication Jui>' 30, IDoS. 

•Fellow In Surprery, Jlason Clinic. Seattle. Wa*?!!. 
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HarLeu* has stated this quite simply. If the lesion is right sided a right 
scalene biopsy only is done. If the lesion arises in the left lower half of the 
lung field, then a bilateral biopsy is done, and if the lesion is confined to the 
left upper lobe, only the left side is sampled. Figs. 1 and 2 show the outline 
of the Ijmphatie patlnvaj's of the lung fields. In addition to this rule of 
.thumb, variations must be included. If there is only mediastinal disease, the 
side showing the most involvement is selected and if there is bilateral disease 
uith neither side predominating, then both sides are biop.sied. When there is 
sufficient suspicion that a lesion may have eseajmd the confines of the lung. 



1.—rnustrates tlie dnunajre patltways from the lunfr fields with their tciinintition in th^ 
scalene nodes (adapted from Rouviero). 


a bilateral scalene node biopsy may jneld a tis.sue diagno.sis even if the ino.st 
likely side is negative. There are intra-anastomotic channels which ma}' per¬ 
mit cross metastases and, in selected eases in which the biopsy from one side 
is negative, it may he advantageous to include the opposite side even though 
it would not ordinarily fall into the route of drainage. When the scalene node 
hiopsj’ is being done for extrapulmonary carcinoma, these rirles do not apph- 
If abdominal carcinoma is suspected, the left scalene nodes are more likeh 
to bo involved becai^se of their association with the thoracic diTCt. hen theic 
has been malignancy of extrapulmonary oi-igin, the yield has been more re¬ 
warding on the Icft.^ 

In the past 9 years since Daniels first published his results, there has been 
an increasing use of this diagnostic procedure. However, opinions varj as to 
its value and its indications. In the review of our own material at the l>Iason 
Clinic, it becomes evident that the frequency of scalene node biopsy has risen 
markedly. At the outset, biopsies were obtained sporadically but with greater 
use the impression arose that much useful information was obtained and a 
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statistical ICMCM of oui omi data has coiifiimed those iiiipiessioiis (Table 1) 
Ill oidei to evaluate fiiithci om data and coinpaie it with the material a^ail 
able in the litciatnie, a composite table has been diavii fiom pieiiouslj pub 
lished senes and foiiiied into a single gioup ■which includes the mateiial aiail 
able fioiii this institution (Table II) 

Oui piosoiit policj IS to peifoini (1) a sealtiu node biopsi on aiij patient 
with an undiagiiostd pulnionai} infiltiate and (2) jiiioi to thoiacotomy if a 
positiie bioncluiscoine biopsi has boon obtained Wc feel a positno sealem 
Ijmph node lepioseiits a contianidic'ition to tiiitlioi smgeiy Thus nil pio 
spcetiM, candidates foi a tlunacotonn in whom even the icmote possibihtj of 



1*117 2'—V tlitin itic outline of tie JMiiplmtic tlrilnnge ulien plcunl fusion li-is occuncil 
( KHptctl from Ackerman ami Kt^ato) 

maligiiaiiej csists, aio given the benefit of saiiiplnig of the scaloiie iiodis in 
toie being committed to thoiaeotomj Boeek’s saicoidosis has such a high 
dcgiec ot pulmoiiaiy involvement that an incieasing iiiniibei ot jiitients siis 
poeted of having Bocek’s saieoidosis ate included in the gioup whose diag 
iiosis and managenieiit may bo most acciiiatelv planned on the basis ot tmdings 
in then nodes 

Those patients who deiiionstiatc metastatic Inoncliogcinc caienioma in tlu 
sealene nodes aie not eonsidoud eandidates foi pulmoiiaij leseetion even if 
the lesion vveio teehniosllv leseetable This opinion is not iinuiuc to this in 
stitution and has been e\]iressed bj other authoi s'*' The opinion of non- 
1 csectability IS based on the assumption that no benefit IS (I '"^''jjt 

bj thoracotomj vnth ot without pneiimoiicctomv if tl 
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shown evidence of escape not only beyond the confines of the lung, but also 
beyond those mediastinal Ij^mph nodes which could be encompassed by medias- 
tmal node dissection. The exceptions to these contraindications occur in pa¬ 
tients who liaAm persistent, severe bleeding, or where an abscess lies distal to 
the primary neoplasm. One other exception to this rule is found in those pa¬ 
tients who on histopathologic study show minimal involvement by a carcinoma 
which is thought to be of low-grade activity; in these situations, thoracotomy 
may be attempted. It should be emphasized that this has not as yet occurred 
in our experience. In summary, ive believe that a diagnosis of metastatic car¬ 
cinoma of a scalene lymph node is valid evidence of nonresectability. 

Although the primary use of the scalene node biopsy has been in either 
primary or metastatic pulmonary cancer, it is of even greater value in estab¬ 
lishing a diagnosis of Boeck’s sarcoidosis. Tumors of extrapulmouary origin 
have also been identified. Gastric, pancreatic, and breast carcinomas have 
been demonstrated in these nodes. Ilalsted originally included this area as a 
part of his dissection in radical mastectomy. In 119 patients, he found posi¬ 
tive supraclavicular (scalene) nodes in 44, and of these only 2 survived 5 years 
postoperatively. Haagensen® has biopsied these nodes in an extensive group 
of cases, classifying as inoperable those cases with positive nodes. In addi¬ 
tion to the metastases from remote carcinoma and involvement by sarcoidosis, 
the etiologie agent in the inilmonary granulmnas, mycoses, and pneumono- 
conioses has been identified in the scalene nodes. It should be emphasized 
that nonpalpable nodes are in no way a contraindication to this diagnostic 
technique. 

The technique is simple and is done under local anesthesia. A 3 cm. in¬ 
cision is made extending from the posterior border of the clavicular head of 
the sternocleidomastoid muscle postei’iorly 1 cm. above and parallel to the 
clavicle. The platysma is divided. The sternocleidomastoid is retracted an¬ 
teriorly and the omohyoid superiorly. The fat pad containing the nodes is 
exposed and is excised by sharp and blunt dissection. Palpable nodes if 
present, may be removed individually to shorten the procedure, following 
confirmation of diagnosis by frozen section. Likewise frozen section may be 
used if a two-stage procedure is contemplated. Kecognition of the transverse 
cervical vessels and ligation, when possible, will reduce troublesome bleeding. 
The wound is closed and if the patient is being followed on an outpatient basis, 
a few hours of postoperative obseiwation is all that is required. The complica¬ 
tions have been minimal and consist mostly of serous or at times minimal 
chylous drainage. Pneumothorax has been reported. Simple measures u411 
control the few complications that do arise. 

Failure to obtain a diagnosis may have several origins, the most obvious 
being that there is no involvement of these nodes but, in general, one should 
expect involvement. The failure may be due to (1) inadequate removal of 
tissue from the proper area; (2) choice of incorrect side or failure to do both 
sides; and (3) blockage of more proximal lymphatic channels by tumoi', pre¬ 
venting the extension of spread into the scalene nodes. "We suspect the first 
reason as being the most common cause of failure. 
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HESULTS 

One of the problems that initiated this review was to assess the over-all 
value of the scalene node biopsy in determining the operability of primaiy 
pulmonary cancer. Other observei’S have reported a jdold of positive nodes 
varying from G.3 per cent to 59.5 per cent. Shields and Shookett-- believe the 
procedure has such a low yield that its routine use is not indicated when the 
lung is clinically resectable. In Table I the findings in 118 scalene node 
biopsies performed at The Mason Clinic are shown. Of the total number of 
patients with lung carcinoma in which a scalene node biopsy was done, 21 or 
48.8 per cent yielded a po.sitive diagnosis and were therefore spared a needless 
thoracotomy'. In Boeek’s sarcoidosis, a tissue diagnosis could be made in 14 
oxrt of 15 cases for a 93.3 per cent yield. In 13 additional cases of positive 
nodes, malignancy was of extrapulmonaiy origin. Of these, 2 were ovarian 
carcinoma, one gastric, a lymphocpithelioma, one a breast carcinoma, 6 lympho¬ 
mata, and one in which the primary tissue of origin could not be identified. 

One of the least common uses that has been made of this technique has 
been its value in identifying carcinoma of remote oiigin. We are at present 
directing its application to more of these eases. Schiff and Warren® studied 
the scalene nodes in 123 unsclectcd eadavcis which came to autopsy, A tissue 
diagnosis was possible in 1G.3 per cent of all cases, but when this was further 
evaluated as to the number in which lymph node involvement could be ex¬ 
pected to exist as part of the primary disease, the diagnostic accuracy rises to 
43.5 per cent. 

In summary, of the 118 biopsies a positive diagnosis could be made in 
50 eases or 42.3 per cent. In the main, these ly'mph nodes were not palpable. 
Less than 6 per cent were described as palpable and in most instances there 
was lack of agreement as to whether the nodes were actually felt. 

In the remew of the published scries available in the literature, a total 
of 1,91G biopsies was obtained. The.se data have been accumulated and sum¬ 
marized in Table II. In this composite senes there were GIG pulmonary car¬ 
cinomata wherein a scalene node biopsy was done. Of these GIG cases, 190 
demonstrated metastatic carcinoma of the scalene lymph nodes or 30.8 per 
cent of all the primaiy pulmonary malignancies. Three hundred and thirty- 
four cases of Boeck’s sarcoidosis were found and a confirmatory tissue diag¬ 
nosis was made in 228 cases, or an over-all yield of G8.3 per cent. In regard 
to the diagnosis of Boeck’s sarcoidosis where the series has been small, very- 
high y-ields have been found, but it .should be pointed out that as the size of 
the series enlarges the y-ield is lc.ss than when the selection is more intense. 
Table II also lists 112 eases of malignancy- arising in the extrapulmonaiy tis¬ 
sues. Thirty'-seven miscellaneous cases are listed and these are formed from 
tuberculosis, common nonspecific granulomata, histoplasmosis, and pneumono- 
coniosis, AYhen the 1,91G eases are aecumulatcd, an over-all yield of 34.1 per 
cent positive diagnoses arc found. 
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su:mmary 

The re%iew of the material from The IMasou Clinic was nudertaken to 
catalog onr o-sra experience and lend support to the impression that the pro¬ 
cedure is of valne. In addition it was necessary to appraise the experience of 
others and evalnate onr findings as compared ^dth the total available com¬ 
posite series. An additional question arose as to the value of this procedure 
in identifying metastatic carcinoma arising in extrapulmonary tissues. In onr 
own series, 43 cases of bronchogenic carcinoma studied by this method, a 
positive diagnosis was made in 48.8 per cent of the cases. Thirteen cases or 
11 per cent of the total show metastases from distant viscera. The 15 cases 
of Boeck’s sarcoidosis j-ielded positive data in 14 eases or 93.3 per cent. Two 
other cases show nonspecific granulomatous lesions. Thus, 42.3 per cent 
showed a positive diagnosis which was of value in the subsequent program 
of therapy in these patients. lYhen a composite series was formed out of the 
groups available in the literature and the present series added to it, a more 
representative group is developed. In pulnionaiy carcinoma, 30.8 per cent 
of all cases yielded a positive diagnosis. In Boeck’s sarcoidosis, 68.3 per cent 
of patients showed their disease in the scalene lymph nodes. Of the total 
group of 1,916 eases, 112 or 6 per cent had metastatic carcinoma arising in 
tissues other than the lung. Of this entire group in which scalene lymph node 
biopsies were done, 34.1 per cent of the 1.916 demonstrated their disease by 
involvement "of these nodes and made a tissue diagnosis possible. By amal¬ 
gamating the data from several sources the resultant figures are further sup¬ 
ported by both larger samples and the loading of these figures can in part be 
offset by the diversity of the origin of the clinical material. 

COXCLUSIOXS 

The scalene lymph node biopsy is of value in eitlier primaiy or metastatic 
lung cancer. 

A positive diagnosis of bronchogenic carcinoma in a scalene Ijmiph node 
is a contraindication to further surgery except in a few .specific instances. 

Scalene lymph node biopsy should be a routine part of the study of any 
patient with a pulmonary infiltrate in whom a thoracotomy is planned. 

Nonpalpability is not a contraindication to sampling the scalene fat pad. 
Boeck’s sarcoidosis shows a high percentage of involvement of the scalene 
lymph node. 
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INTERMITTENT INFLOW OCCLUSION FOR THE DIRECT 
VISUAL REPAIR OF ATRIAL SEPTAL DEFECTS 

Julian Johnson, M.D., Charles K. Kirby, ALD., W'^illiani S. Blakemore, A'LD., 
and Harry P. Zmsser, M.D., Philadelphia, Pa. 


T he early efforts to close atrial septal defects were not always successful 
but a few surgeons developed considerable skill in obliterating these de¬ 
fects without the aid of direct vision.’"* There can be no question, however, 
that there are many advantages to the methods which allow closure of atrial 
septal defects under direct vision. Complete closure is easier to obtain under 
direct vision, and other small defects, in addition to the major one, arc much 
more likely to be recognized. 

Many atrial septal defects have been closed .successfully under direct 
vision, using either hypothermia''*’ ® or the heart-lung machine.Using the 
heart-lung machine, the surgeon has more time and may use maximi;m care 
and deliberation in the definitive repair of the defect. The hypothermia 
technique is much simpler as far as cost and over-all effort are concerned. 
Even in those centers where the heart-lung machine is functioning satisfac¬ 
torily, the difference in the amount of blood required to close an atrial de¬ 
fect under hypothermia and on the heart-lung machine is an item of eonsidor- 
able importance. 

Our experience indicates that the two great hazards in the use of hypo¬ 
thermia in the closure of atrial septal defects are, first, the use of too sevo'C 
degrees of hypothermia and, second, the use of too long a period of inflow 
occlusion. If moderate hypothermia (90° F.) is used and if the inflow occlu¬ 
sion docs not exceed 4 minutes, there ap])ears to be little if any i-isk in using 
this technique. "While most atrial septal defects can be closed in that period 
of time, after the surgeon has had experience with it, there remains the occa¬ 
sional defect which requires more time. 

There are three methods to increase the time available for closing an 
atrial septal defect under hyijothei-mia. One is by using lower degrees of 
hypothermia, but this increases the risk of ventricular fibrillation with all the 
side effects and problems that accompany it. A second method is the utiliza¬ 
tion of an arterial transfusion into the coronary arteries through the base of 
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the aorta diiriiig the time of oechision. AVhile it is probably safe to rise longer 
periods of inflow occlusion by this ine.ans, it is difflcult to ascertain just bow 
much time can be safely utilized. The thii'd method of obtaining increased 
time for suturing when it is required, and the one which we prefer, is the 
use of intermittent inflow occlusion. Using this technique, the surgeon adds 
nothing to the risk of the vast majoi-ity of o])erations when the defect ean 
he closed in the 4-minute interval, whereas he is in a position to obtain addi¬ 
tional time in those instances in which it is required. 

It has been our custom in the use of this latter technique to clamp the 
venae cavac first and start counting our time from that point. After about 
fifteen beats of the heart, the aorta is clamped and the clamp is removed from 
the incision previously made in the right ati-ial wall. In good-risk patients 
in whom the pulmonary artery pressure is relatively normal, very little blood 
has to be aspirated from the heart when the right atrium is opened. In the 
patient with pulmonary hypertension who is on the verge of heart failure, 
however, there may still be a fair amount of blood which has to he aspirated 
from the atrium in order to got adequate visualization. The important point 
is to get adequate visualization in the right atrium without allowing air to 
enter the left side of the heart. It has been our e.viterienoe that if the septid 
defect is evaluated as completely as possible by finger palpation through the 
right atrial appendage before the atrium is opened, the surgeon is in a posi¬ 
tion to start sewing almost as soon as the atrium is 0 ])ened. The clamping of 
the aorta is probablj' beneficial from two points of view. First, it stops the 
return of blood through the coronary sinus which allows a bettor visualiza¬ 
tion than might bo obtained otherwise, thereby allowing a more rapid elo'surc 
and, second, it probably outs down the likelihood of air embolism. 

If. after .3V^ minutes, it becomes apparent that it is going to take more 
than an additional minute to complete the closure of the defect, we remove 
the clamps from the venae eavae, allow the atrium to fill with blood, close 
the atrium, atid immediately remove the clamp from the aorta. The cirt'ula- 
tion is then restored for 10 minutes or so before using inflow oeelusion for a 
second period of direct visualization to complete the closure of the defect. 
In this manner, it is theoretically pos.sible to have an unlimited amount of 
time at the disposal of the .surgeon. For practical purposes, most atrial de¬ 
fects can be closed with one 4-minute period and seldom, indeed, is it neces¬ 
sary to use more than two 4-nunute pei'iods of inflow occlusion. In our en¬ 
tire scries, we have had only one patient in whom it was necessary to use 
three periods and a second patient in whom it was neccssaiy to use four 
periods of inflow occlusion. In none of these patients has there been any com¬ 
plication from the repeated use of intormittent inflow oeelusion. 

In recent months, we have used the heart-lung machine (I) when we sus¬ 
pect a septum primum type defect, (2) when the heart is very large, suggest¬ 
ing that an Ivalon sponge might be required to close the defect, or (.3) when 
there is severe pulmonary hypertension, We have hoped that the machine 
might give us sonic added .safety in these patient.s. However, for ordinnry 
atrial septal defects, we feel that the use of hypothermia offers a high degree 
of safety. 
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One problem, wbieb still remains in tlie use of either liypothci'inia ov the 
heait-lung machine is that of air embolism. As far as we know, we have had* 
only one air embolus in our series and that was due to a very obvious error 
in management. The anesthetist had not been properly briefed regarding the 
use of an adequate amount of muscle I’elaxant while the heart was open. The 
patient made a strenuous expiratory motion followed by a strenuous inspira¬ 
tory motion which forced the blood out of the heart and sucked air into it. 



rPig. 1,—An atrial defect requiring a purse-string type suture both above and below is 
shown, although sucli a suture is seldom icquired at both ends of the defect. In placing the 
suture, less of the suture should remain within the atrium than shown, so as to allow complete 
approximation of the atrial wall. 

We immediately released the eaval clamps to fill the heart with blood, closed 
the atrium and forced the residual air through the coronaries by manual com¬ 
pression of the heart. Fortxuiately, the patient recovered from this episode 
but it obviously could have been a serious accident. We had to use a second 
period of inflow occlusion to complete the closure of the defect but this was 
accomplished without difficulty. In recent months we have flooded the chest 
with CO 2 on the theory that if CO 2 is sucked into the circulation, it would be 
more rapidly absorbed than air.^° 

Certain technical problems haAm been encountered in the closure of atiial 
septal defects. The secundum type of defect can be easily and raixidly closed 
by two continuous sutures which are started at cither end and tied in the 
middle. When the right-sided lAulmonary veins enter tlie right atrium, it is 
usually relatively simple to suture the anterior edge of the atrial defect to 
the riglit atrial wall in front of the opening of these veins. This allows the 
right-sided pulmonary veins to empty into the left atrium. In several of our 
patients, the opening of the defect did not correspond with the entrance of the 
right-sided pulmonary veins so that it was necessary to incise a portion of the 
septum, either upAvard or doAviiAvard, in order to bring it to the right and in 
front of the pulmonary veins. 



\«Iumc37 
Number 3 


INTEEIIITTENT INFLOW OCCLUSION 


317 


A dcfoi-inity with no septal remnant at the posterior wall o£ the atrium, 
particularly at the lower border, has been encountered frequently. In these 
patients it is necessary to place a pimse-string typo suture, as illustrated in 
Fig. 1, as the initial suture in the closui'c of the defect.' Once this purse¬ 
string suture is placed, the lemaining closure is verj' simple. In the patient 
who has an inferior vena caval valve, special eare must bo taken in placing 
the purse-string suture.” If the inferior vena caval valve were mistaken for 
the inferior border of the septum as the defect was closed, the inferior vena 
cava would then empty into the left atrium. 





FJe 2—In the defect shoun the superiot pulmonan' \cjn Joins tlic sxiperlor \ena caMi 
before it enters tlio atrium Tlio septum va*? dUided superiorly The purse-strinp t\pc suture 
approximates tlie Junction of tiie superior vena caw witii tlic nenly created coplialad end 
of the defect The anterior edge of the septum Is then *:utured to the atrial wall in front of 
the opening of tlie superior pulmonary vein, so that it empties Into the left atrium. The 
superior ^ena cava continues to emptj Into the left atrium 

A greater technical problem, hut perhaps not so frequently encountered, 
is that of the right-sided pulmonary veins, or perhaps only the right superior 
pulmonary vein, entering the superior vena cava before it joins the right 
atrium. "Wlicn this entrance is not more than an inch from the atrium in an 
adult, or perhaps less in a child, it is possible to use the same purse-string 
type suture in this area as that used below, partitioning the common vein 
following the junction of the pulmonary vein and the superior vena cava and 
causing the blood from the pulmonary veins to enter the left atrium and that 
from tile superior vena cava to enter the right atrium (Pig. 2). In placing 
this purse-string suture either in this area or in the lower area, as described 
above, it is important tlmt a minimum amount of suture remain within the 
atrium so that there will be satisfactory contact and a small opening will not 
be left between the stiteiies. When the right superior pulmonary vein enters 
the superior vena cava at some distance above the right atrium, the use of the 
pmso-string suture, as illustrated in Fig. 2, does 2 iot seem pi'aetical. Wo have 
overcome this problem on one occasion by dividing the superior vena cava 
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above the pulmonary vein and anastomosing it to tlie light auricular append¬ 
age after closing the atrial septal defect in such a manner as to use the proxi¬ 
mal portion of the superior cava as a channel leading to the left atrium. 

In our series of 65 patients with atrial septal defects, we have experi¬ 
enced some of the dififieulties which may arise the closed techniciues. Also, 
we experienced some of the difficulties accompanying hypothermia of too 
severe a degree, as well as utilizing too long a period of inflow occlusion. 
Since the adoiition of our present technique, however, namely, mild hypo¬ 
thermia and only 4 minutes of inflow occlusion at one time, we have felt that 
the closure of an atrial septal defect is about as safe a cardiac operative pro¬ 
cedure as we have occasion to cany out. 3'he risk of the procedure appears 
to be almost directly proportional to the severity of the patient’s incapacity. 
One real problem exists in those patients with pulmonary hypertension with 
a right-to-left shunt. We are not entirely eeilain which, if any, of these pa¬ 
tients should be declared inoperable and no attempt be made to close the 
defect. We now feel that in the patient without pu])nonary hj’-pertension 
this procedure can be carried out so simply, that we have advocated its use 
as a somewhat elective procedure during childhood if a considerable left-to- 
right shunt is present. 

We have operated upon 45 patients with atrial septal defects, using the 
hypothermia technique. There have been no deaths in this series when our 
present plan of mild hypothermia and intermittent inflow occlusion was used. 
There were 4 deaths in the series, all in our early experience when in each 
instance the temperature was carried below 85° F. and in 3 the operative time 
exceeded 6 minutes for the one period of occlusion. It must also be admitted, 
however, that none of the 4 patients who died represented a simple septal de¬ 
fect. Two had pulmonary hypertension approximating the aortic pressure 
with ilght-tO'left shunts and the other 2 had associated intracardiac lesions 
with one in severe heart failure. In each ijistance, it was recognized pre- 
operatively that the patient presented a difficult problem, and the heart-lung 
machine would certainly have been used had it been available at that time. 
Whether it would have altered the outcome is problematical. One patient 
died follovdng the closure of a defect after he went home. This was the man 
with a septum primum defect in whom we used 4 periods of inflow occlusion 
and who was discharged from the hospital in satisfactory condition. How¬ 
ever, he suddenly Avent into heart failure and died about 2 months later. An 
autopsy showed that the suture had pulled away from the septum. Unques¬ 
tionably at the present time, Ave Avould operate upon this man Avith the use 
of the heart-lung machine and put in an tyalon patch. In our effort to not 
go too deeply in the region of the conduction system at the time of the elosAire 
of this defect, apparently we did not place the sutures quite deeply enough 


for them to hold. 

Since our heart-lung machine has been functioning satisfactorily, we 
have used it for the repair of atrial septal defects in 7 patients because in each 
instance the problem seemed someAvhat complicated. The only death in this 



\ !un e 37 
\i mbcr ) 


INTERMITTL^T INiLOW OCCLUSION 


319 


gioup was clue to a staphylococcic sephceima Oui picsent policj is to use 
the heaitlung machine in the lepaii of atiia! septal defects when a septum 
piimum defect is suspected, when thcie is es.etssne pulmouaiy hjpeitension 
or caidioinegalj, when the patient is in heait failuie, oi foi imy patient in 
whom it IS thought that it oftcis an adiaiitage ocei the Inpotheimia tech 
nique Howecei, we bclieee that it is not neecssan to use the heaitlung 
machine foi the lepaii of most atiial defects We beliece that the hjpo 
theimia technique with mteimittcnt inflow occlusion if needed offeis mini 
mum iisk foi the gieat majoiitj of patients with atiial defects 


suini \R\ 

1 The use of mild hjpotheimia (90° P ) and no moic than about -1 mm 
iites of inflow occlusion, with lepcatcd peiiods of inflow occlusion if necessaii 
has been safe and leliable foi the closiiic of simple atiial septal defects nndei 
diieet iision 

2 Poity one patients with atiial siptal defects haie been oiieiated upon 
bj the pioposed tochiiiqiie wnth no hospital deaths 

3 The closiiie of atiial septal defects using the hcait lung niaehino has 
been leseiied foi those patients who aie pool nshs because of achaiiced dis 
ease oi in whom an uiiiisiial pioblem is suspected 

4 Seven patients wcie opeiatccl upon with iitili/ation of the heaitlung 
mnehine because of some unusual pioblem The onlv death in this senes was 
due to infection The chief obiectioii to the use of this tcchmciue in all cases 
is the iiicieased pcisonnel icqiiiied and the total effoit exiicndcd, including 
the pioblem of blood piociiiemcnt 
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MITRAL INSUFFICIENCY WITH COMPRESSION OF THE 
LEFT MAIN BRONCHUS TREATED BY 
OPEN-HEART SURGERY 

David R. Murphy, M.D., Anthony R. C. Dohell, M.D., Gordon M. Karn, 

M.D., and James E. Gibbons, M.D., Montreal, Canada 

I N THE PAST year, surgeons®* ■* have found it possible to achieve satisfactory short* 
term results in the treatment of mitral insufficiency by exposing the mitral 
valve during extracorporeal circulation and placing sutures across the postero¬ 
medial aspect of the annulus of the valve to reduce its diameter and permit 
coaptation of the aortic and mural leaflets. This operation, referred to as mitral 
annuloplasty, is similar in principle to the operation proposed by Nichols,® 
Avho used a blind technique. Reduction in annular diameter by a circum¬ 
ferential suture® has also met -with some success in the treatment of mitral 
insufficiency. 

Although left atrial pressure measurements have sho^vn an encouraging 
drop, both in the experience of others®* ^ and in several patients operated upon 
by us, it is evident that final evaluation of this operation must depend on long¬ 
term follow-up. The following case I’epoi't was considered of interest because 
of the objective demonsti’ation of sustained pressiTre reduction. 

CASE REPORT 

Tliis young girl was first seen at The Montreal Children's Hospital in September, 1955. 
Past history did not reveal symptoms of acute rheumatic fever. A medical examination 
in March, 1955, had been normal. Phj*sical examination disclosed a small child, weighing 
33 pounds. The apical rate was regular at 80 per minute. The heart was enlarged with 
a forceful left ventricular apical impulse, 1 cm. lateral to the midclavicular line. A Grade 
3 blowing pansystolie murmur was maximal at the ape.x and transmitted to the axilla; a 
mid-diastolic murmur was present. The diagnosis was rheumatic heart disease with mitral 
insufficicnc}'. She was confined to bed for 9 months and in July, 1956, increasing activity 
was permitted. By the spring of 1957, she still was limited by fatigue and dyspnea and 
had not returned to school. During this convalescent period of a year and a half there 
was no indication of active rheumatic fever, but the heart size radiologically was definitely 
increasing (Pig. 1). 

She was admitted to The Montreal Children’s Hospital on Nov. 7, 1957, at which 
time she was 7 years old. She had had a persistent cough for several weeks and her exercise 
tolerance had decreased; dyspnea was present at rest as well as on exercise. 

On physical examination she weighed 35.4 pounds, wliich was below the third per¬ 
centile for her age. She was a poorly developed, pale, sallow child. There was no cyanosis 

From the Departments of Cardiovascular Surgery and Cardiologj’, The Montreal Chil¬ 
dren’s Hospital, Montreal, Canada. 

Received for publication July 9, 1958. 


320 



\ olun e 3" 
Number 3 


OPEN HEART SURGERl FOR MITRAL INSUrFICIENGl 


321 


and no clubbing of the fingers or toes There was respiratory distress at rest with a rate 
of 44 per minute The loft chest moped onlj slightly with respiration The lower ti\o 
thirds of the left chest was dull to percussion postenorlj ind breath sounds were inaudible 
over the same area A persistent sinus taelijcardia of 100 to 120 per minute was noted 
The blood pressure was 90/70 mm Hg There was a sjstolic thrill over the apex, which 
uas situated in the sixth left interspace between anterior and midaxillarj Imes A Grade 
4 blowing pansystolic and a Grade 3 rumbling diastolic murmur were heard at the apex 
There was an apical diastolic gallop Tlie pulmonic second sound was accentuated The 
hver was palpable two fingerbreadths below the costal margin 



1—Roentgenogram of tlie chest taken in June 1957 21 months after mitral insufficiency 
was first diagno'sed 

The electrocardiogram was interpreted as showing left ventricular and left atrial 
hypertrophy X ray studios of the chest (Fig 2) showed collapse of the left lung It was 
impossible to tell whether the heart had enlarged as compared to preiious examinations 
because the left heart border was obscured bj the atelectasis The opinion was that this 
patient had rheumatic heart disease with predominant mitral insufficiency, pulmonarj lijper 
tension, congestive heart failure, and atelectasis of the left lung 

On November 19, bronchoscopy was carried out Tho left mam bronchus was seen 
to bo compressed bj external pressure, leaving only a slit like orifice The compression 
was mainlj anterior and was pulsatile Abundant secretions were aspirated from the 
left bronclual tree Vigorous medical therapy was carried out for 5 weeks, including 
digitalis, mercurial diuretics, antibiotics, and bronchial aspiration Nevertheless, detenora 
tion was noted 

Because of the grave outlook, mitral annuloplast} was performed on December 19, 
using extracorporeal circulation through the screen oxjgenator* A right posterolateral 
thoracotomj was performed Care was taken to compress the right lung as little as possible 

•Tlie aiark Company Randolph Mass 





Fiff. 3.—Roentgenogram of 
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The ponpaidinin oponed nntcnoi to the phrenic none cxpo'suig a lar^je loft atrium 
Imljiinfj po^terinrlv to the iifflif ol the ng-hl atiinm Bee ni‘«c of tlie patient^ condition, 
h'ft afnal pio'iHnjrs Mere not taKen before lnpns«? Citheters Mere inserted into the leine 
<{uae, the infenoi eaial nfhefer hwnp perioritioiis m tlint part of it mIiicIi Maa to lio 
m the right .ttrnini mo that tlio emoinn Minus Idood eotild be returned to tlie o\\genator 
Arterial Mood from the pump oxjgenatoi uas retuinod to the femoral arterj. "^icn 
eardiopiilmonarj Inpass was iiiMtituted, the left atiiuiu mhm nieisod and emptied of blood 
The mitral ^ahe Mas easily seen, Imth cusps MCre deformed b}* \cgetations and the annulus 
uas gie tfh dilated A free regurgitant jet could easiB be seen «itli each rentricular boat 



Fig 4—Roentjrcnogrnni of cbcMt In i^^a^, ID'S 

Five sutures of 2 0 silk neie placed acrOMs the posteromedial aspect of the annulus so as 
to obliterate that commis«ure and peiniit the aortic leaflet to meet the mural leaflet. The 
regurgitation Mas all but eliminated The atrial ca\itj Mas then filled Mith blood and the 
aortic leaflet uas massaged against the anterior Mall of the heart to ensure against the 
trapping of air in that location The Mall of tlic left atrium a\ns closed and bj'pass Mas 
iliMcontinued Left atnal preMsurc measured after b^pa^s Mas 12/5 mra. Hg, the s^'stemic 
arterial piessurc at the same time Mas 95 sjstolic The atrium appeared much levs tense 
than before annuloplastj- FolIOMing chest closure a trachcostomj' vas performed 

Her postoperative courMc Mas one of stcadj improiement One Aveck postoperatiieh 
the lieart failure gallop and enlarged li\cr had disappeared The tracheostomy tube Mas 
icmo\ed on December 28. Serial chest xrays did not shoiv aeration of the left lung until 
.T.ui. 31, 3‘laS, V lien ro expaiiMirm Mas rloniniiMtr itc«l (Fig 3). ‘vlu* mom discharged on 
•Tan. 3S, 395S, Meigliing 35 fi pounds 

By ifay, 1958, she Meighed 44 pounds The apical impulse Mas less hj-pcractivc to 
palpation Tlicre Mas a blowing Grade 3 systolic murmur. The apical diastolic rumble 
and the third sound had disappeared. There Mas no evidence of congestive failure. TJie 
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lungs were clear (Fig. 4). Moderate activity, sueli as stair climbing, was performed without 
obvious fatigue or dyspuea. She was as active as she had ever been since the diagnosis 
of mitral insufficiency was made. 

DISCUSSION 

In the cases of massive dilatation of the left auricle reported by Daley 
and Pranks^ elevation of the left main bronchus was frequently seen either at 
its point of origin or within 3 cm. SchwedeP has stated that an enlarged left 
atrium frequently causes elevation and sometimes posterior di.splacement of 
tlie left main bronchus, hut that actual eom])ression is rare except in childhood. 

Rivkin and associates® reviewed 8 cases of massive atelectasis of the left 
lung associated mth increased pulmonaiy flow due to left-to-right shunts. All 
were infants varying from one to 16 months in age. In 3 cases, compression 
of the left main bronchus by the left pulmonary artery was demonstrated at 
autopsy and it was their opinion that this Avas the cause of compression in the 
remaining cases. One of their patients Avith total anomalous pulmonary venous 
drainage had an abnormally small left atrium, Avhich certainly could not have 
compressed the bronchus. Total atelectasis of the right lung Avas not observed 
in their series. 

In our case Ave are not certain Avhether the left bronchial compression Avas 
due to enlargement of the left atrium or pulmonary artery. We suppose that 
it Avas a combination of both factors, the left atrium compressing from helOAV 
and the pulmonary artery from above. 

SUMMARY 

A ease of mitral insufficiency Avith collapse of the left lung due to ob¬ 
struction of the left main bronchus by vascular compression has been reported. 
The mitral vah'^e Avas repaired by mitral annuloplasty using a pump-oxygenator. 
Three Aveeks later the bronchus re-opened and has remained patent since. 
Clinical improA'^ement has been sustained for 5 months. 
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CERTAIN BLOOD CHANGES IN PATIENTS UNDERGOING 
EXTRACORPOREAL CIRCULATION 

Analysis of 350 Perfusions 

Ktcbmd A De]Vall, MD ,* DaitJ Af Long, AID, Shawn ] Gemniill, BS, 
and C Walton LtHehei, AID , Alinneapolts, Alnin 

C tRTViN alterations m the constituents of the blood aie 11011 lecognired as a 
consequence of caidiopnlmonarj' bj-pass piocediucs AVc baie picvioiislj 
icfeiied to some of these changes' ' as mcasmed in out patients pel fused bv 
the holi\ resell on bubble oxjgenatoi' ' and the Sigmamotor pump during 
diiect \ision open heait surgical proeeduies The data herein lecoided piesent, 
m mole detail and in a laigci senes of patients, obseriations concerning the fate 
of led eells, platelets, and aitcrial pH, coriclatcd inth duration of the peifu- 
sioiis This infomation iias domed fiom an aiialjsis of the pcifusion reeoids 
ot 350 clmioal catdiopulmouaiy hi pass piocediucs The tyiics of caidiac 
lesions as noil as the lesults of most of these opeiations haic been dcsenbed 
elsei\lieic“ ‘ 

Duiation of the Perfuswns —Table I and Figs 1 and 2 indicate the dui.i 
tions of the peifnsions anahzcd m this series The patients hase been diiided 
into tiio bioad gioups on a basis of the substantial diffeiences in then plnsiol- 
ogi The eianoticf patients iihose perfusion time had a mean duiation of 4G 
minutes and the acyanoticf patients uho iicic suppoited bj the pump osigena 
toi foi an aiciage time of 27 5 ininutcs 

Plaima Jlemoglolnn —Table I and Figs 1 and 2 indicate the plasma homo 
globin content of the patient’s lenous blood at the termination of these pci fit 
sioiis The method of FlinU uas used foi these detoiminations The mean 
I able foi the plasma hemoglobin in the cyanotic patients ivas 70 mg pei cent, 
haling a late of foimatioii of 1 56 ing pei cent pei minute of peifusion The 

Prom tile Depiitrnent of Suifetrj Unucrsit^ of ■Minnesota AletHcil School Mlnnoapoll" 
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mean plasma hemoglobin for the aeyanotie patients was 46 mg. per cent 
which again was related to the duration of their perfusions, the rate of pro¬ 
duction being 1.64 mg. per cent per minute of perfusion. 

Gardiotomy Loss. —Table I indicates the minute loss of blood from the 
perfusion system during these operations. As this blood was discarded from 
the perfusion system by means of a high vacuum suction system, it Avas measured 
and simultaneously replaced by reseiwoir blood. The cyanotic patients had 
an average loss of 40 c.c. blood per minute of perfusion while the average loss 
of the aeyanotie patients Avas 43 c.c. blood per minute of perfusion. 


Table I. Some Aspects of Total Body Perfusion by a Pump-Oxygenator JIfan Values 

AND EanOE* 



DUFJYTTON OF 

perfusion in 

MINUTES 1 

PLASMA i 

HEMOGLOBIN- 
IN MG. % 1 

PLASMA HgB. 
MG. % PER 
MIN. OF 
PERFU.SION 1 

CjYRDIOTOMY 
LOSS C.C./MIN. , 
OF PERFUSION | 

jVRTerul rll 
AT XXP OF 

PERFUSIOX 


12-105 

5-155 



7.15-7.60 

Cyanotic 

— 

— 

— 

— 

— 

patients 

46 

70 

1.56 

40 

7.41 


6-85 

5-150 



7.07-7.65 

Aeyanotie 

— 

— 


— 

— 

patients 

27.5 

46 

1.64 

43 

7.42 


*The above information wa.s abstracted from the perfusion and hospital records of ,350 
patients. In this series, approximateiy 25 per cent of the patients were in the cyanotic 
category. These data were not comploteiy available on all the patients, however, 70 cases 
was the lowest number used to calculate any one of these values. 


Postoperative Bed Blood Cell Survival as Measured hy IJemoglobin De¬ 
terminations. —Hemoglobin determinations Avere charted daily in the postop- 
eratiA^e interAml for an unselected group of 35 patients. None of these patients 
reeewed blood transfusions during the period in Aidiich they At'ere followed. 
Decreases Avere observed in the hemoglobin A'alucs of these patients during 
this postoperatiAm period. Table II indicates the mean values of these deter¬ 
minations. 


Table II. Postoperative Hemoglobin Values^ After Total Body Perfusion 


PREOP. 

14.5 


DAY OF 
SURGERA' 


14.6 


1 

14.8 


2 

13.9 


3 

13.1 


DAY'S POSTOPERATIVE _ 

5 r 7 I 10 I 12 I 15 I 20 I 25~ 
120 His lTs 1L8 11.6 11.8~~11.9 


*In grams per cent. These are mean values from 35 unselected patients with a variety 
of intracartiiac lesions who received no transfusions in the recovery period after the oaj oi 


surg^ery. 


Platelets. — In our previous reports,^ Ave have analyzed the effect of total 
body perfusion upon platelet counts. Since aa’^c haA'e never encountered post¬ 
operative hemorrhage due to abnomalities in the clotting mechanism, platelet 
counts are no longer a part of our I’outine patient care. HoAATver, sei’ial 
platelet counts during the postoperative period liai'e been determined in a 
series of 7 eases. In 4 of these patients an immediate drop in the platelet 
counts after the perfusion Avas observed (as in Fig. 3) wdiile, in the others, 
the ])latelet counts Avere elcA'ated aboA'e control lei-els in the immediate post¬ 
operative period folloAved by a fall during the next feAv days after surgery 





Pump time (min) 


\ olunic '7 
Number ? 
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PERFUSION TIME vs PLASMA Hgb IN ACYANOTIC PATIENTS 



10 20 30 40 60 60 70 80 90 lOO IIO 120 130 140 150 

Plosmo Hgb mg % 


FJfr 2 —TIjc longer per/iision? tenrl to be dissociated nith t))e higher plasma hemoglobin 
values vhich however at the highest levels arc observed below concentrations that are llkelj 
to be of clinical significance 


PERFUSION TIME vs PLASMA HEMOGLOBIN IN CYANOTIC PATIENTS 



10 20 30 40 50 60 70 80 90 100 llO 120 130 140 150 

Plosmo Hgb mg % 


hig —Tlie rutts of pj isnia hemoglobin formation during total ho(l> perfusion itt about llie 
same for c> inotfc and ac> motlc patients 
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PLATELET COUNTS AFTER PERFUSION 

M D - Perfusion 55 mrn Plosmo Hgb 70 mg % 



. Fig. 3.—Platelet counts are observed to decrease from control levels after total body per¬ 
fusion to return to control values within the finst postoperative week. Regardless of the dura¬ 
tion of perfusion, no patient has had a piatclet depiction sufficient to cause hemorrhage. 


PLATELET COUNTS AFTER PERFUSION 

j p — Perfusion 15 5 min Plosmo Hgb “15 



Fig. 4.—An elevation of platelet count.s is observed in some patients as an 
-esponse to total body perfusion. The late response with the.se patients is a subsequent ic 
olatelet count then recovery within the following week. 
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PERFUSION TIME vs FINAL ARTERIAL pH IN CYANOTIC PATIENTS 



705 710 715 720 725 730 735 740 745 750 7 55 760 7 6 5 7 70 7 75 

Afterlol pH 

Fig ’—Perfusion time does not seem to luive much correi xtion with the nr ter ml pH 
of tlie patient at tlie termination of tiic perfusion Most \aIucs ait observed within u lela- 
tively nonnal ranpc roirardless of tiie pcifusron time 


PERFUSION TIME vs FINAL ARTERIAL pH IN ACYANOTIC PATIENTS 



705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 

Arteriol pH 


rm 6—\s seen In Fiff 5 pH values do not stem to be a function of poifusion time 
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4). Beginning al)ou<, 3 days aflei- the pevfnsion, tlie platelet counts 
began to increase toward normal levels. Table III shows the mean values of 
these serial platelet counts as observed in these 7 patients. 


Table 

III. 

Mean 

Platelet Counts *■ of 7 

Patients After Total 

Body Perfusion 



HOURS POSTOP. 

1 

DAYS POSTOP. 


PREOP. 


I 2 

1 3 j 

I 1 1 

2 1 3 1 

4 1 5 

275 


200 

180 

130 

136 1 167 

205 200 


•In thousandK nei- cubic inillimeter. 


Arterial pll as a Variable During the Perfusion. —The pH of these pa¬ 
tients’ arterial blood Avas determined just after the completion of the .surgical 
I’epair. The blood samples Avere taken Avhile the patient Avas still fully dependent 
upon the extracorporeal circulation, and before the lungs Avere inflated by 
the anesthesiologist. The seattevgrams of Figs. 5 and 6 relate these pH de¬ 
terminations to the duration of the individual perfusions. Table I indicates 
the mean arterial pH A’alues for the two groups taken at the time indicated 
above of 7.41 for the cyanotic patients and 7.42 for the acyanotic. 


DISCUSSION 


It is evident that changes induced in the blood as a result of total body 
perfusion are a function of time. The patients Avith cyanotic heart disease 
had lesions AAdiich required generally more perfusion time in order to be 
corrected (properly) than patients Avitli aej'anotic heart disease. Therefore, 
the perfusion times of these tAA'o groups AA-ere calculated separately. The 
duration of the perfusions for the acyanotic patients averaged about 40 per 
cent less time than that required for repair of the cyanotic patients (Table I). 
It may-be noted that the plasma hemoglobin levels for the acyanotic patients 
Avere about 34 per cent lower than those obseiu-ed for tlie cyanotic patients; 
hoAA'ever, as mentioned above, the cyanotic patients had longer perfusions dur¬ 
ing Avliich plasma hemoglobin could be formed. The rate of plasma hemoglobin 
formation Avas actually a little less in the cyanotic patients than the acyanotic. 
Tlie cyanotic patients hai-e extensive bronchial collaterals, and they usually 
liaA'e a greater total eardiotomy loss* during the procedure than the acyanotic 
indiAuduals. This does not seem to be reflected in the plasma hemoglobin 
Amlues as Table I indicates. It Avas thought that perhaps the fresli blood added 
to the perfusion system to compensate for losses not retrieved by the eardiot¬ 
omy suction system avouIcI decrease the measured plasma hemoglobin due to 
dilution. HoAvever, again on a basis of rate of loss (Table I), the pei-fu.sions 
on cyanotic patients actually lost less blood per minute from the system than 
that of acyanotic patients. Consequently, the plasma hemoglobin in the blood 
of cyanotic patients received no greater dilution than did the perfusion oi 
acyanotic patients. 


lo^s is blood which spills through the incision in tlie heart and not success- 
fullv returned m the extracorporeal sy&em. Thil puree is. mostly from the coronary smus 
thebesian veins, bronchial collateral, and occasionally from incompetency of the aortic 
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About all that can be eonelndcd fiom the abote is that patients hating 
otanotic heait disease lequue loiigci suigical pioceduics and, theiefoie, 
longei peitusions than the actanotic patients The late of plasma hemoglobin 
formation in these tuo gioups, as nell as the late of blood loss fiom the pei 
fusion St stem is about the same As oni tvpciience has nicieased, less blood 
has heen lost fiom the caidiotomt and the peifusion ststem than ttas the ease 
tilth eailici lijqiass pioteduies In spite of this, the let els of plasma hemo 
globni measuied lemaiii ahout umstant This eonsistency seems to bo tiuo 
legaidless of the ai-teiial pump outputs icqiiiied It is thought that most of 
the hemoltsis ohseited is piobablt ))ioduecd bj the caidiotomt suction S3Stem 
which letuins caidiotomt losses to the pci fusion appaiatiis, hottetci, the pci 
ceiitagc that can bo attiibuted to this is difficult to estimate The highei pumji 
output lates used tteic not iiccessaiilt associated with highci plasma hemo 
globin let els, but the loiigci pcitnsioiis weie gcneiallt found to liatc higliei 
plasma hemoglobin tallies in pioiioition to the duiation of the peifiisioii The 
physiologic efteets of the amount of hemohsis and ant associated implications 
seen in these patients cannot be determined since, in all 350 patients, the 
final tallies ot then plasma hemoglobin hate been below that lihclt to he 
haimiiil In addition, wo hate seen no ill effects that could be attiibuted to 
these alteiations in ant patient 

Oiii expciicitec with platelet eoiiiits befoic and aftoi poitusioii lute been 
pietioiislt lepoited,’ howctci, the tallies woic not obsoited on siiccessitc dots 
foi that stiidt A deeiease in the platelet eoiints is a consistent finding which 
IS followed bt a letiiin to contiol tallies aftci a few dots The deeiease in 
platelet counts obseitcd hate all beiii to about tlic same letel icgaidless of 
the poitiisioii time, oi a shoit pcifiision seems to show the same piopoitioii ot 
jilatelet low ei nig aftei suigcit as docs a long pei fusion This has not been 
doteloped in a statistical maiinei Posto|ieiatnc bleeding fiom dcfieicnoies in 
the clotting incchanism has not been ohseited bt us The occasional instance 
of postopeiatite bleeding that we hate seen has been accounted foi on a basis 
ot inadequate hemostasis and since leeogiiifion of the impoitaiice of moie 
meticulous hemostasis lu these hcpaiinu'cd patients, unusual bleeding into the 
chest has not occiiiicd Ohseitatioiis in oiii laboiatoiv and coiitoisatioiis witli 
otheis hate led ns to bcliete that bleeding pioblems in the postpcifusioii patient 
(oi animal) can iisnallt he tiaced to one of the lollowiiig soiiices inadequatelt 
cle.iiicd and stciilized peifusion equipment, blood incompatibilities oi inadcquaii 
hemostasis The toxins of decomposing blood and liactciia (especialh n-iam 
iiegatno endotoxins) can pioduec lethal complications The helix icseivoii 
oxtgciiitoi which we use comes in contact oiilt with the blood of one patient 
and IS then discaided Piior to use it is stenlired lit autoclatiiin- 

A mild deeiease in the patients’ hemoglobin has been seen fiequentit m 
the postopeiatite peiiod In pait, this is i leflection ot oui effoits to keep 
the patients somewh it on the “dii sidi ’ duiiiig thin fiist 24 lioiiis afh' 
suigcit ht lestnctiiig fluid iiitahe Tins piodiiccd some hcmoeoiiceiiti it'"' 
duiiiig this cailt lecotcit peiiod With the lesuiiiption of the onl 
of fluids, usuallt at the end of the hist 24 hotii-s, heinodiliitiou’''"" * 
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similar decrease in hemoglobin is, however, generally seen in any patient post- 
operatively, after major surgery and large blood exchanges. Many of our 
patients return to their homes within 14 days after surgeiy, cousequentlj^ their 
hospital records did not have sufficient infoianation concerning their postop¬ 
erative hemoglobin values to be included in this study. 

^ The hemoglobin studies in Table II Averc gathered from the records of 
patients Avho had longer hospital courses and who consequently reacted more 
seA'erely to the procedure and exhibited the changes to a greater degree. 

The metabolic changes produced 1)y perfusion have been intensh-ely studied 
in the past and previously diseu.ssed.^’ ® There is no longer a need to do 
them routinely, consequently the patient and the perfusion apparatus is now 
only subjected to “spot cheeks’’ for pH A’alues. The acid-base balance of the 
blood is subject to many variables and an i.solated pH value only tells of the 
general balance of these variables. For this purpose, a “spot cheek’’ pH is 
taken from the jjatient’s ai’terial blood at the end of the perfusion immediately 
before the patient is artificially respired Iw the anesthesiologist. The scatter- 
grams (Figs. 5 and 6) .sIioav that no obvious trend is present relating the 
arterial pH to the perfusion time. Among other factors, these values are de¬ 
pendent upon the perfusion rates.® The practice Ave currently use to establish 
a perfusion rate for a given patient has proA'cd to be very satisfactory. The 
arterial pump^‘ is precalibrated at A-arious IcA'els betAveen 50 to 100 c.c. per 
kilogram of body Aveight per minute. When the bj'pass starts at the loAver 
setting of the arterial pump, the .systemic arterial pressures are monitored and 
the arterial output of the pump is increased as necessary to maintain normal 
electroencephalograms and mean systemic blood pressures. These patients do 
Avell AAuth a perfusion of this type and no pH difficulties are encountered. 


suaniARV 

The perfusion and hospital records of 350 total cardiopulmonary bjyass 
procedures, utilizing the helix reserA'oir bubble oxygenator and the Siginaniotor 
pump, haA^e been analyzed. These perfusions AA'ere done in conjunction Awth 
direct vision corrective intracardiac surgical procedures. The operative cardiac 
repair of cyanotic patients required about one third more perfusion time 
than did the repair of acyanotie patients. The rate of plasma hemoglobin 
formation A\’as about the same in cyanotic and acyanotie patients. The platelet 
counts decreased after perfusion, but ncA-er to a degree to cau.se bleeding. A 
mild postoperatiA^e deercase in hemoglobin Avas observed during the fimt 3 
Aveeks after surgery, hlean pH values at the end of the perfusion Avere AAdtliin 
the normal range. 
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THE DANGER OF HYPOGLYCEMIA DURING 
CARDIOPULMONARY BYPASS 

Eri’hi L. Lohpreis, M.D.* Los Angeles. Calif. 


T he road to achieving a nearly ideal extracorporeal circulation is beset by 
many pitfalls, to the list of which must be added hypoglycemia. Unlike 
other problems connected directly with the eonstrnction and actual mechanics 
of the pump-oxygenator, such as adequate flow, oxygenation, acid-base balance, 
coagulation, embolism, and the like, this condition is related to the blood used 
for priming and replacement during the b 3 ’-pass procedure and to the chaiiges 
of its chemical constituents in the course of time. The possibility of easily 
remedying this deficiency beforehand brings us one step closer to fulfilling one 
of the prerequisite features of the perfect artificial circulation, i.e., “that there 
must be little if anj^ trauma, either chemical or physical, inflicted on the 
blood. Hazards of the bypa.ss procedure could thus be further reduced. 

METHOD 

Samples were taken from blood that had been collected in the currently 
available bottles (ABBO-Vac bottles containing 18 mg. of heparin in 30 c.c. 
of normal saline, intended for 470 c.c. of blood) and examined for blood sugar 
content at various intervals between withdrawal and actual use in the pump- 
oxygenator. Specimens of whole blood were processed immediatety, employing 
the Somogyi-Nelson method for determining “true” glucose.- 

Assuming that representative samples had been obtained each time after 
thorough mixing (inverting bottle 30 times), and postulating a straight-line 
relationship between blood glucose leAml and the time for each blood sample at 
any given temperature, the time of reaching the zinc-barium filtrate stage was 
taken, rather than the time of drawing the respective sample, in order to allow 
for the continuous sugar consumption. 

RESULTS 

The blood to be used for two bypass procedures, requiring 12 and 13 
bottles, respectively, was sampled. 
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The fiist senes (Table 1) included blood samples that had been diaun 
fiom the doiiois (most of them ui fasting state) about 4 honis befoie being 
used foi the patient IJetciminatiou I uas done shoitlj aftci di-niing the 
blood Two blood hollies woic Kept at loom tcmjxiatuie, the lost in <i wotci 
bath at 37° C up to about 3 houis, at cvliieh time detoimniation II was inn 
The calculated late of 10 59 + 0 31 mg pci cent pci lioui coiiesponds to the 
late of glucose consumption bj the blood cells at bodj tempeiatme The blood 
was then mixed and used foi pinning the iiiiiup o\\ genator Tw enty minutes 
befoie stalling the bypass proeediiie, the glucose lead of blood in the scieon 
oxjgenatoi was 44 2 mg poi cent The glucose loiel of the patient’s arteiial 
blood at this point was 125 2 mg pei cent 

rmiF I CiiAxcis OF Biood Giocosf Lf\h in the 4 Hour Old HECAriNizED Blood 


m OOP 
VO 

I 1 

1 GLUCOSE j 

1 (mg%) 

TIME 
BFTU LF\ 

FILTRATFS 

(MIV) 

1 

II 

CLUCOSE 

(mg%) 

1 PFCFFVSF 
[OF ntCOSF 

1 (■Mf’ '/r) 1 

RATE OP 
CHANCF 
(ifa %/lIR ) 

1* 

73 5 

177 

53 0 

inc 

6 64 

o» 

71 6 

176 

47 4 

24 2 

8 25 

'1 

62 C 

182 

281 

34 5 

11 37 

4 

73 5 

380 

361 

37 4 

12 47 

5 

73 5 

180 

45 8 

27 7 

0 23 

U 

75 2 

170 

45 8 

20 4 

0 85 

7 

136 5 

187 

103 0 

32 0 

10 46 

8 

73 5 

161 

49 0 

24 5 

913 

9 

67 7 

165 

SO 4 

28 3 

10 29 

10 

716 

162 

45 8 

25 8 

9 56 

11 

103 9 

164 

6<I7 

34 2 

32 51 

12 

80 6 

101 

53 3 

23 3 

10 55 

11 

7S 7 

101 

49 0 

20 7 

13 07 


m,} = 80 18 


m I = 51 00 


m,, = 10 50 

2(32 = 10 8834 

O' = ±1 04 

S E = ±0 31 


•Room temperature 


The second senes (Table II) coasistcd of blood samples diawn diinng the 
afteniooii pnoi to opeiation (about 18 boms befoie use in the pump oxj 
genatoi) fi om donois in lanoiis stages of the jiostpiaiidial state The bottles 
weic cooled both befoie and iftci diawing the blood and kept so foi about 
4 houis, when a sample foi deteiminatioii I was taken fioiii each fsubse 
qiiently, the battles weie placed in the icfngciatoi and kept oieinight De 
termination II was made on the nioniing of the ojiciation, pist befoie placing 
the bottles in a waim water bath I’lie calculated late of 1 39 ± 0 IS mg per 
cent per hoiu lepiesents the rate of sugai utiliration In the blood coipuscles 
at 4° C Sainiiles foi deteimination III® weic obtained 50 minutes befoie the 
bypass pioceduie and, since the blood siigai lead diopped down to 25 59 mg 


•The blood s'lmplos of the seconl series >\ere kept In a unim mter batli between deter¬ 
minations II and III but. since the time period neccs«tar> for eciuihbratlon at S"" C from 
•4* C was not taken into account the rate of change does not compare with tJic \ahio ob 
talned in the first series It nctuaU> seems to approach the \alue for room temperature (sec 
the first 2 bottles in the first series) The t test pues slpnlflcant difference between these 
two values and since it Is much less reasonable to presuppose that wo arc dcalinR' with 
donors not belonprlnp to the same pcneral population It depicts the influence of two temper 
atures that arc not comparable 
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pet cent (ateinge of 12 bottles), additional glucose—1 c c of the 50 pet cent 
solution—was added to each bottle to laise the seierely hypoglycemic lei el 
It IS easy to ealeulate that, had this not been done, a blood glucose lei el in the 
iieinity of 16 77 mg pei cent could haie been i cached by the beginning of the 
bypass piocedtiie The glucose level of the patient’s aitenal blood at this 
point lias 133 5 iiig pei cent 

Thus, the late of glucose coiisiiniption bj the formed elements of blood, 
calculated as 10 59 + 0 31 mg pei cent pci hoiii at 37° C, sloiied doiin about 
7 5 times dining lefiigoration at 4° C, jet did not cease cntiioly, since glj- 
colysis 11 as still going on at the late of 1 39 ± 0 18 mg per cent pei lioiii 

DISOUSSIOM 

Claude Bemaid is said to haie been the fiist one to observe, in 1876, that 
sugar disappears fiom blood in iitio Giadually, it became obi ions that the 
blood cells iiere not just inert cell icmnants, but that thej had a metabolism 
of then own nhicli made a constant demand foi a souice of energj to sustain 
it Maclcod^ demonstiatcd that the disappeaiance of sugar fiom blood m iitio 
nas a function of its coipnsculai actiiiti That these demands iioie appreciable 
lias deal fiom his olisoiiation that about one half of the oiiginal amount of 
de\troso disappeared in 2)4 houis fiom blood Kept in i itio at 40° C 

Glueoso, the siibstiate fot this cellular glj cols sis, is supplied bj plasma 
AVhile in mo the actual amount of siigai leiiiined liy the blood cells mas be 
insignificant in the oi or all eaibohydnte metabolism, this need is quite definite 
and can be iindei estimated in ntio On closet examination, it is eiident that 
the hepaiinized blood collecting bottles in contiast to the A CD bottles, aio 
not eniiched by an cxtia amount of dextiose 'This is of still gieatei im 
portance, because hepaini—like hiiudin and unlike oxalate®—does not retaid 
gljcolj bis From the aboxe figui es it is quite obi ions that the late of gh coljsis 
in iitio, cspeeiallj following iiicnlntion is fast enough to impoieiish the 
plasma glucose and pioduce alaimiiigli hipoglycemic leiels in the couise of 
hoiii s 

The iital impoitance of coiitimiousli inanitainnig the blood glucose Iciel 
iMfhin a ceitain lange has long btin leah/cd,* ® and the bodi’s abilitj to 
balance the dinamic equilibiium of glucose” has been lecogni/ed as an indis 
pensable facet of the homeostatic mechanism In this way, the “noimal” 
blood glucose lei el is tenaeiouslj maintained to meet all bodi needs IIoiv 
eiei, because of consideiable indiiidiial laintions both in health and disease 
it IS not possible to diaii a shaip diiiding line beloii nhieh a blood sugai lei el 
can be legaided as abnoiiiial oi .at ninth the lanoiis sjmptoms and signs of 
hjpoglicemia begin 3'he lange of noimal fasting i,allies in iiholo leiions 
blood, using the Somogji Nelson niethod, is lepoited to be 65 to 110 mg jier 
cent, ivith an aieiage i.aliie of 85 to 100 mg pei cent Taking this as the 
noimal langc foi “tine” blood glucose, it has been generallj accepted th.at 
leiels beloii 50 mg pci cent minor a seiious bitiiation, inasmuch ns almost all 
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subjects then display difficulties of one sort or another. Despite individual 
^ aviations, levels below 20 mg. per cent are extreme and are usually en¬ 
countered only during an insulin coma. 

While there is no definite relationship between the duration of any par¬ 
ticular hypoglyeemie level and the severity of changes hereby produced, it is 
only logical to expect that the potential danger grows greater the longer a 
given hypoglycemic level lasts. In ease of extracoi-poreal circulation, this 
would also depend on the volume of Ifiood used duidng the bj^pass 2 ?roeedure 
and on the patient’s own blood volume. When there is a considerable differ¬ 
ence in the ratio of these volumes, increase of a blood sugar content to the 
normoglycemic levels (by the mixing of blood in the pump-oxygenator with 
the patient’s own blood) is consequently delayed and a hypoglycemic state 
prolonged. 

One more consideration, which is easily the most important single factor 
in a bypass procedure, involves the i-elatively great danger resulting from 
sudden change of a blood sugar level. It has been observed frequently in 
diabetics that a fast decrease of blood sugar content may produce .syjuptoms, 
and even coma, although the actual blood glucose level is still above normal. 
Thus, the rate of fall is the determining factor irrespective of the absolute 
level reached and is most apt to bring on symptoms. And here we had a situa¬ 
tion where the change was truly ab 3 ’'smal: with turning on the pump the pa¬ 
tient’s blood sugar level was abruptlj’’ reduced bj' about 80 mg. per cent in one 
case and, had this not boon prevented, almost certainlj’- by about 320 mg. per 
cent in the other. 

Any combination of these factors (rate of fall, absolute hj'pogl.vcemic level 
reached, and its duration) does, of course, aggravate the situation. In case 
of the jjresent pump-oxygcnators, it is the considerable priming volume of 
blood (more or less h 3 '^pogl 3 ’'cemic) which is of additive importance in relation 
to the initial headlong drop in the patient’s blood glucose level. This is espe- 
eiallj^ true in their use on infants whose blood A'olume (as little as 500 e.e. or 
even less) is suddenlj^ confronted with an overwhelming charging volume of 
the pump-ox 3 '’genator (up to 5,000 c.c. or more). A temporaiy, acute hj^pogb'- 
cemia (relative or absolute) is the inevitable outcome. Its effects are almost 
instantaneous and the general nature of such a deprivation is comparable onlj’ 
to an episode of sudden massive bleeding or acute anoxia. 

Outward resiilts of this change ai’e the chameleon-liko manifestations of 
hypogljmemia, made more treacherous bj’’ concomitant anesthesia. Most of 
them are referable to the brain-—cortex jjar excellence.'^ The cerebral meta¬ 
bolic activity is maintained bj^ the blood-borne glucose on which the brain is 
almost exclusively dependent for its oxidative processes; and since oxj^gen 
and glucose are so singularlj^ intertwined in the cerebral metaboIi.sm,® defi¬ 
ciency of the latter is tantamount to anoxia. So great is the brain’s suscep¬ 
tibility to lack of either substance that^—besides ox.ygen—a continuous, viiffually 
seeond-to-seeond maintenance of the blood glucose level is indispemsable for 
its functional and, eventually also, sti-uctural integrity. Prolonged hvjjogh'- 
cemia, on the other hand, results in an impaired cerebral function and finally 
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in irieieiiible coitical changes accounting foi the nioibidity, foi the laiious 
degites of peinianent fiinctioinl decoitieation, and possiblj e\en foi the 
moitalitj itseli 

As addition of an extia amount of de\tiose to the hepaiinized blood col¬ 
lecting bottles ofteis itself as a logical measiiie to obiiate this latiogenn. 
In pogh cemia, theie aic some details to be consideicd in this connection hoiv 
iinich sugai should be added, uhen, and ivhat effect if an\ it might haie on 
the blood, heparin and in turn, on the glucose itself ® 

Piom the clinical standpoint, assuiantc of continuing noiniogh cemia oi 
slight hyiieigljcemia (coiiesponding to tin postabsoiptne Iciels) is the ob 
jectne Since no long stoiage of the hepaiiiiized lilood is being contemplated 
at the moment, laising existing glucose 1 cm Is In an additional 100 mg pei 
cent ivoiild seem adequate foi pioiidiiig a sufficient maigiti of safeti Othci 
things being equal, such a nicasuie uoiild allow about 70 moie horns of ic 
fiigeiation 01 10 mole houis of inenbatioii 'Jhis is of paiticulai advantage 
since it IS fiequenth impnctieal to collect tiesh blood immcdiateh piioi to 
its actual use 

Until the hcpaiini/cd blood collecting bottlis containing cloxtiose will 
be available eommeicialh, additional 500 mg oi glucose (1 t o of tlu 50 pci 
cent solution) pei bottle can be iiitiodiucd m the leoiiculatuig blood in the 
pump oxjgeiiatoi oi in the bottles themselves Bicnuse of the dangci of pos 
sihlv eontaininating the bottle eontcnfs duinig such an intection, this should 
bo done ]ust piioi to the In pass pioeedmc 

As foi the possible intei ictioii of the tonstituents in question—oi lathei 
tlu most piobahio absence of the same—so much can hcssid at the moment 
'I’lu possible henioljtic effect of glucose concentiation below 2 j pei cent 
(osmoticalh equivalent to 0 45 pei cent saline) and high dilution of souim'’ 
dining the fiist impact of collected blood aie offset hj the piosence of isotonic 
saline and bv the fast flow of inconiiiig blood Since human cnthioevtes aic 
ficely jieiineablc to glucose at all its concent i a turns encountered in lile, theic 
IS a lapid and iiiiifoiin disfiibutioii oi glucose thioiighout the total watei of 
plasma and cells By the same toheii, small inciemcnts of extia glucose, fiom 
anv sonicc’ aic also distiibiifed cvenlv*"aiid iinmediatelv” at bodv tcmpeia 
fine Jloieovei, the addition of extia glucose does not inctease the late ot 
glvcolj SIS At the same time theie is haidiv any doubt that glucose could he 
used up cntiielv in this piocess, because dilution of sciiim does not alfti the 
peimeabilitv of the icd cell mcmhianc to glucose,” ind meiaholic dem inds 
of a viable cell aie coiitiiuious (Note in this icspect the glucose level of 
2 5 mg pel cent in the blood sample No 11 of the second seiies ) 

Hepaiin is a veij stable polviiiciired polysaothaiide containing both 
niueoitm snlfune acid gioiips and glucosamine Its anticoagulativ e piojieities 
aie not destioved hj p meieatic extincts oi piolongcd boiling and appaifilth 

•13\ 5vn5 of comparison it can be mentjono 1 that the conAentional ACT) blood bottich 
iia\e 1 ‘■64 Gm of glucose added ( 1,.0 cc of the 1 4” per cent solution) to 480 cc of collected 
bloo! whicli gives an additional 291 mg per cent in the transfused blood \ddlng Of Om (In 
10 cc of the 16 per cent solution) to the 470 cc of blood In the heparinize 1 bottles nould 
give 100 mg per cent In n»nition to the blool glucose level alroad> present 
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not even by bacterial action.^= Some repository preparations of heparin now 
in nse include dextrose as vehicle constituent, like heparin in Pitkin’s menstruum 
with ghieose in optimal concentration of 8 per cent. Heparin is being admin¬ 
istered intravenously in normal saline or 5 per cent glucose and its stability 
in aqueous solutions is well knoAvn. While its stability in the saline-glucose 
solutions awaits further studies, it can be easily shown by protamine titration 
that the decline in anticoagulative action of heparin (both before and after 
addition of blood) in the saline-glucose solutions is not significant!ditferent 
from that in normal saline, at lea.st not in the first 24 hours and in the concen¬ 
tration of glucose as suggested. 

Provided bacterial contamination is prevented, no change of glucose can 
be anticipated in view of its similar saccharide nature and stability in acid 
medium such as is foAind in heparin solutions. 

SUMJIARY 

There is a definite hazard in using the currently available heparinized 
bottles for collecting blood to be used during extracorporeal circulation. Since 
the bottles do not contain any glucose, onlj^ the native plasma glucose is used 
as the substrate for cellular glycolysis. The blood sugar level is thus gradually 
rendered hypoglycemic. This danger is considerably increased, if older (12- to 
24-hour) blood is used when, following incubation, markedlj^ hypoglycemic 
levels can be reached in the course of several hours. Apart from the absolute 
level attained and the A'ariable duration of hypoglycemia, it is the precipitoiis 
drop of blood sugar level that is particularly objectionable Avith respect to its 
noxious etfeets on the cerebral function. Addition of extra glucose to the 
blood bottles as a simple and effective preventive measure is discussed and 
found sound and indicated. 


CONCLUSION 

Danger of a transitory, acute hypoglycemia during cardiopulmonaiy 
bypass is as real as it is preventable. To forestall its possible deleterious aftei’- 
effects, the contents of the heparinized blood collecting bottles should be en¬ 
riched by a small amount of glucose. Addition of 500 mg. of dextrose to each 
bottle is recommended, preferably just prior to the bypass procedure. 

The author wishes to thank Mrs. Jenevievc Armstrong and kirs. Gloria Baltes for their 
able technical assistance. 
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EXPERIMENTAL CEREBRAL EMBOLISM WITH ANTIFOAM A 

/. Kiffin Vemy, Captain, USAF (iMC), A. Robert Cordell, M.D., Frank R. 
Johnston. M.D., and Martin G. Netsky, M.D., Winston-Salem, N. C. 


INTRODUCTION 


W ITH THE ADVENT of oiicii cai'diac siirgerv, interest has been revived in 
the stndy of extracorporeal oxygenation of blood. Efficient oxygenators 
of various types have been developed. The older method of bubbling oxygen 
through blood is rapid and efficient for saturation of hemoglobin. jMost of 
the eiH’rently used oxygenatoi’s, employing the bubbling principle, produce 
satisfactory hemoglobin saturation liy dispersing oxygen in the form of tiny 
bubbles through the blood, thereby allowing the gas interchange at the bubble; 
blood interface. One of the greatest drawliaeks to the use of the bubble 
oxygenator, however, has been the difficulty in defoaming blood adequately 
after oxygenation. The passing of blood over surfaces coated with a methyl 
polj'-siloxane resin (Antifoam A) is the most commonly used method of de¬ 
foaming. 

Clark and associates^- --'' were among the first to use this effective method 
of defoaming in a bubble oxygenator system. Following their example, many 
others have emploj^ed this resin as a defoaming agent in the many types of 
bulible oxygenators currently used. The general impression is that the resin 
is a nontoxie substance.'-" We can find no report of any difficulty attributed 
with certainty to the use of this resin as a defoaming agent for bubble oxy¬ 
genators. Rowe and associates'"’ studied extensively the toxicity of certain 
commercial silicones and hydrolyzable silane intermediates. They found that 
methyl polysiloxane resin is low in chronic toxicity as judged by oral feeding 
to rats over a period of 400 days. Irritation of the skin was not produced 
by this material on prolonged contact, and only transitory irritation of the 
conjunctiva was found when the material was placed directly into the con¬ 
junctival sac. Intraperitoneal and subcutaneous modes of administration also 
were studied Avithout evidence of systemic toxic effects. The intravascular 
route Avas not tested. 

The resin is highly effective as a defoaming agent in concentrations of 
one to ten parts per million, if suffieiently dispersed." The term concentration 
implies that a small amount of the material must be present in the diluting 
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mcdmm in oidci to ha^c the luatciial c\cit its clefmminp; effects Theie is, 
thciofoic, no snppoit loi the eoncopt that adlieienco alone to a delmbhlniK 
snifaec is adecjiiate foi dcioaniin" A sin ill amount of antifomi is ncoossaiih 
pieseiit in tlic defoamed blood 

Because tbe last inaioiili ot bubble oMgenatois ictiuiic blood to come 
in diiect contact Mith this lesm, the daiigei of embolic pbcnoinena becomes 
appaient Sfanj nncstigatois base suspected that antitoam causes some of 
the eeiebial complications obseiied ■nith the vise of this matciial in bubble 
owgenatois Giannelli and associates’ studied the biains of dogs having 
undeigonc pcifiision toi 2 houis with a bubble owgenatoi Thev obseived 
‘ lesions chaiaeteiistiealh associated with embolism and infaiction,” but 
thev did not demonstiate emboli in the biain Thej observed tinv antifoara 
p 11 tides Ill the icseivoii of owgeiiated blood being pei fused but did not 
see bubbles oi fibiin 'Wlien an excess of antifoam was used, a gieatei numbei 
of lesions was found in the biams Thev concluded that the eeiehial lesions 
weic embolic in oiigin but wcic unable to deteimmo whether the mfaicts 
weie caused bv an, fibiin, oi antifoam emboli Fuithcimoie, advcise effects 
of antifoam have not vet been pioved Deramp' and associates nnccted 
antifoam intiavenouslv and into the aoitie arch in dogs, but weio unable to 
demonstiate abnoimalitics The following expeiimonts weio undeitakcn to 
obseive the ceiebial effects of Antifoam A when iniected into the intciml 
caiotid arteiv of the dog 

MVTFHIVLS AND JIFTHOD 

Eight dogs wcie used, langnig lu weight fiom 12 to 20 Kg Injection 
of the inteinal caiotid aitciv was pcifoimed in G dogs Five of these le 
eeivcd Antifoam A in hopaiinued blood, a sixth animal, sen mg ns an ex 
peiimental control, leeeived onlv hepaiiiiucd blood Two additional dogs 
weie saciificed and used foi contiol of the staining methods The internal 
caiotid aiten ot one was peifused with liquid Antifoam A to seive as a 
positive stain control, the biaiii of the othei dog was not peifused and was 
used as a negative stam contiol 

All of the injections weie into the light mtenial caiotid aiteij Each 
dog was anesthetized with intiavciious sodium pentobarbital and an endo 
tiachoal tube was iiiscitcd Aseptic technique was used The carotid bulb 
was exposed and shoit lengths of the distal common caiotid, the pioximal 
mteinal caiotid, and the pioximal extciiial caiotid aiteries vveie isolated A 
loop of umbilical tape was placed aiouiid the distal common caiotid aiterj 
and anothei aiound the pioximal external carotid to immobilize the arteiies 
when the injecting needle was intioduced 

Venous blood was used foi the injection of the experimental contiol 
animal and as the antifoam vehicle for the injection oi 4 othei animals Blood 
fiom the femoial aiteiv was used as the nntifoam vehicle foi the injection 
of 1 animal (Dog 5) The blood was diavvn into a steiile svimge containing 
heparin and then dischuged into a 50 ml steiile bealei Antifoam in either 
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liquid (Dog 1) 01 spiai foiin (Dogs 2 5) 1138 added to the blood and mi\cd 
tlioioiiglih Tlie mixtiiie nas diann into a stciile 20 ml siiingc thioiigli a 
20 gauge needle, and all bubbles and an ueie eliminated caiofulh fiom tlic 
svstem The total lolume of antifoam iiiiected uas fiom 0 1 ml to 1 0 ml, 
and the concentration of antifoain in the blood mixtuie langed flora appiox 
iinatelv 1 0 pei cent to 13 8 poi cent (sec Table I) The duiation of injection 
uas from 15 to 180 seconds The left common caiotid aiteii uas occluded 
maniialh dining ti\o injections (Dogs 5 and 6) to meiease the ecicbial 
blood flou fiom the right internal caiotid aitcii 

AVitli the ai tones immobili/cd bv umbilical tapes, the needle uas nisei ted 
into the lumen of the distal common caiotid aitery and adianced thioiigh 
the caiotid bulb into the lumen of the pioximal internal caiotid aiten 
Tiaetion on the aiteiies uas leleascd so that thej' lai in noimal position 
The injections of the mixtiiie ueie continuous and timed (see Table I) AVlieii 
the injection uas completed, the needle tip uas uitlidiami to the lei el of 
the caiotid bulb and held foi 3 minutes befoie lemoial fiom the lessel 
Hemostasis uas obtained b\ piessuic, uith care being taken not to inteiiupt 
blood flow ■nithiii the caiotid aitcii The iiound uas closed m laieis uith 
inteiiupted black silk siituies Tijpan blue in isotonic saline (10 mg/ICg) 
then lias injected iiitia\cnousl\ to detect an ineieaso in capillaiv peimoabiliti 

The dog lias letiiined to a uaim lecoieii cage iilieie lioiiih obseiiations 
ueie made until lecmeit fiom anesthesia Subsequent obseiiations ucie 
made tmoe a dai At different intcnals, uji to 168 horns after injection, the 
siiiMiing animals uere anesthetized uith intiaiciioiis sodium pentobaibital 
and saeiifieed hi tiaiiscctioii of the thoiacic aoita The biain uas remoied 
iinmediatelj and suspended in 10 pei cent foimalin in isotonic saline solution 

Aftei 48 lioiiis 111 the fixatne, the biains ueie photographed and sectioned 
in the ooional plane Eopieseiitatiic blocks ueio embedded in celloidin foi 
sectioning at 20 niicions .md staining by the methods of Nissl and lYeil 
Othei blocks Mere frozen and sectioned at 15 micions Piozen sections ueie 
stained uith oil led 0,“ and the facing sections ivith osmic acid Oil led 0 
has been used foi manj icais to stain fat'*, the staining is due to the solubiliti 
of this azo die in the fat and not to a chemical icaction The staining of 
antifoam by oil icd 0 Mas dcmonstiatcd in xitio and in fio/cn sections of 
the biain (Dog 8) used as a positiic stain contiol In the osmic acid milhod, 
fat IS londeicd black bi the deposition of osmium fiom a 2 poi cent solution 
ot osmium tetioxidc, and thus this icaetion is not based on solubiliti Antitoam 
in Mtio and in the positiie stain contiol did not become black Mhen the osmic 
acid method Mas applied Thcrcfoic, mIicii a substance is not rendeicd black 
by the osmic acid method, the material is not a fat 

RESULTS 

The details of the indnidual expeiiincnts aie shoMii in Table I Abnorii’l 
clinical signs and histologic lesions Merc found in all animals icccmng .-n 
injection of antifoam but mcic not seen in the cxpciimental control annua! 
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Slower, deeper respirations ^vere observed in 2 animals during the period of 
injection. One of these animals remained comatose and died after 15 hours. 
A third animal responded to the injection with a loud inspiratorv howl and 
apnea with immediate death. The injection did not evoke an immediate 
response in 2 other animals. The severity of the clinical signs differed widely 
111 the surviving dogs. One animal (Dog 3) was lethargic with loss of interest 
in food and surroundings. Two others (Dogs 4 and"5) were seraicomatose 
with severe generalized paralysis and required tube feeding. They improved 
within 1 to 2 days but remained lethargic. 

o 



Fi;,'. 1. Fip. 2. 

Fi;r. 1.—PliotofiTaph of dorsal surface of brain (Dos’ D- The dilatation of the 'epto- 
meninseal blood vessels in the distribution of the right middle and both anterior cerebral 
arteries causes a dark appearance of these regions. The pallor in the region of the left middle 
cerebral artery is a striking contrast. Staining with trypan blue was seen, but it is not 
apparent in this photograph. 

Fig. 2.—Photograph of dorsal surface of brain (Dog 5). There is a large hemorrhagic 
infarct on tlie surface of tlie left cerebral hemisphere. Jvunierous small infarcts are present 
in the lateral and ectolateral gj'ri of both cerebral hemispheres. 

The macroscopic findings ranged from simple vascular dilatation to 
frank infarction. Fig. 1 illustrates dilatation of blood ve.ssel.s in the region 
supplied by the right middle and both anterior cerebral arteries. Diffuse and 
focal staining- with trypan blue was present in the region of dilated blood 
vessels. The most severe lesions were large and small hemorrliagic infarcts 
(Fig. 2). The findings on microscopic examination ranged from neuronal 
changes to infarcts with hemorrhage. The animal dying immediately vas 
the only one without significant lesions of the pareneliATua. Scattered foci 
of neuronal loss fvere seen in the cerebral cortex. These foci stood out in 
striking contrast to the normal tissue (Figs. 3 and 4). They w-ere surrounded 
by neurons imdergoing pyknosis. swelling and loss of Nissl .substance. The 
small blood vessels in and aroimd these zones were dilated and distended vith 



Fiir 3—Alacioplioto^tapli of coronil «*tctlon of brtin (Pop 4) Srnall foci of loss of 
cells are scattered predouiln int(> In the right cerehial cortex (on the xiONvers Icfti fNlssl s 
ttchmane X -i 6 , reduced ) 



rig 4—Photomicrograph of outer la^ers of the cerebral cortex (Dog 4) Neurons are de- 
croustd m number In the pate focus (Mssls technique x 140, reduced Vio > 



isxr” 



0 -—Photomicrograph of cerebral cortex (Dog 5) which shows a microinfarct. Note 
the loss of ceils and complete destruction of the parenclij-ma. with infiltration of mononuclear 
cells. A single distended blood vessel is .seen at the edge of the infarct. (Nissl’s technique; 
X liO, reduced %o.) 



Pig-. G—Photomicrograph of cerebral cortex (Dog 2). A blood vessel is 
eluded by an embolus of Antifoam A. (Oil red O technique: X 480 ; 


distended and 
reduced Vio.) 
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blood Small 7ones of denyelmatioii wcic picsoiit less fiequcnth m the 
siibcoito\ Peinasoulai infiltiatcs of mononuclcai colls ■^^elc sliaiplj localized 
and Mcic scatteied mosth in the Ailnte mattci 

The infaicts langcd fioin 01 mm to 10 mm m gieatest dimension 
The ovenvlielmiiig majoiiti of the mfaicts iieie no gieatei than 10 mm 
(Pig 5) The hugest mfaicts contained small islands of piesciicd tissue, 
giving the appeaiance of ntimeious adjacent micioinfaicts i\hich had codeseed 
into a laiger one Hemoirliage into the mfaicts oeeiiiicd onh m a fen 
instancos Both gioss and iineioseopio lesions iioic eoiicentiatcd in the 
coitex of the paiioto occipital legions and wcic spaisc m the fiontotcmpoia! 
legions Lesions 11010 laio 111 the basal ganglions 

Occlusion of capillaiics and small aitciiolcs bj antifoam iias demon 
stiated in all animals injected 111 th this substance, but occlusion ot laigei 
blood lessols iias not seen In the fiozen sections stained iiitli oil icd 0, 
capillaiics and small aiteiiolcs iieie tilled and often distended 111 th aiitifoam 
(Pig 6) Material impregnated 111 th osmium iias not found within the blood 
icsscls of the facing sections Antifoam emboli iicio distiibutcd iiidelv 
thioughout the cerebral eortev of the miolicd zones and iieio found mfic 
qiientli m the subcortioal iihite mattei Tlie Inigest number of emboli iias 
demonstrated 111 the animal dnng suddenly (Dog 2) The 2 animals (Dogs 
4 and 5) iiitli the gieatest quantity of paicnchymal destruction had feiici 
ocehided capillaiics, but both siiiiiicd a lotigci time 

DISCUSSION 

Magcndio,'" in 1821, lopoited an e\pciimont iihcie he obseiicd siiddci 
death with occlusion of the small blood icsscls aftei mtiaiasciilar injection 
of oil Antifoam is an oih substance iiith manj physical propel ties similai 
to those of animal fats and oils, but it diffeis chemicallj It should not be 
surprising, therefore, to find embolic occlusion of blood lessels after intra 
lasciilai injection of this substance 

The piimary lesion m antifoam embolism is the occlusion of capillaiics and 
small aiteiiolcs Immediate death, 01 coma and siibseqiiont death of the 
animal lesiilt if mani adjacent capillaiies aie occluded suddcnlj in a laigc 
part of the ceiebial cortex Laigc immbcis of occlusions occiiriing more 
sloiily lesult in coma and sniiiial The tempoiary loss of consciousness 
accompanies the intoifeienco iiith capillaiy ciiciilation, but the persisting 
lethal gy apparently lesiilts fiom the neuional destruction Micromfaicts 
aio found in animals suiiiiiiig moie than 15 hours and aie secondary lesions 
11 Inch deielop after embolic occlusion of a small arteiiole 01 of numerous 
adjacent capillaries If the occlusions aic spaiselj distiibiited, only a feu 
isolated neiiions mil die 

The data m Table I shoii that the tliiiical ind pathologic findings aie 
eoiiclated mth the numbci of emboli and 1 ite of cajnllaii oeeliisions Tiio 
animals (Dogs 1 and 2) leeeiied a laigc number of emboli lapidli One 
of these died immcdiatcli, and the othci suniicd in coma for only 15 hoiiis 
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Tavo other animals (Dogs 4 and 5) received a small quantity of emboli slowly 
and surviA^ed. After recovery from coma, lethargy and paralysis persisted. 
Only lethargy resulted AAdien a very small quantity of emboli Avas given to 
another animal (Dog 3). The emboli AA’^ere fcAV and AAudely distributed; they 
did not eause extensiA'e interference AAuth capillary blood floAA^ 

The animal dying suddenly had the greatest number of capillary oc¬ 
clusions because a large number of antifoam emboli Avas injected, but in¬ 
sufficient time elapsed for removal of the embolic material. Infarcts AA'cre 
not found because the animal died too quickly. The brain appeared normal 
on macroscopic examination except for A’aseular dilatation. The only lesions 
on microscopic examination Avere numerous antifoam emboli. In the other 
animals receiving antifoam, staining of the bi’ain by trypan blue gaA'c evidence 
of increased capillary permeability. The pale infarcts caused by antifoam 
often Avere seen only on microscopic examination. 

Our experimental findings are comparable in many respects to those 
found in cerebral fat embolism.^' *■* In the latter, AAdde.spread occlusion of 
small A'essels is accompanied b}’' lethargj* and coma. If death does not occur, 
recoA’cry begins after a fcAV days. Localizing neurologic .signs are ra?*e and 
usually are a.ssociated Avith other complic<1tions. The fat emboli either pass 
through the capillaries or arc remoA-ed by macrophages. The .small foci of 
destroyed tissue undergo glial repair, but the damage may not be apparent in 
the behaAdor of the patient. In those dying in coma, the pathologic findings are 
occlusions of small blood A^essels by fat, perivascular hemorrhages, demyelina- 
tion, and mieroinfarets. The latter Iaa'O le.sions are not found if death occurs 
immediately after the onset of coma. The only striking difference betAA'een 
fat and antifoam embolism is the paucity of perivascular hemorrhages in onr 
experiments. The hemorrhages so pi’ominent in cerebral fat embolism may 
be associated AAuth hj’poxia and other disturbances secondary to capillary 
occlusions in other organs. Our pathologic findings also are compai'able to 
those of SAvank and llain'^® in their study of microembolization Avith paraffin. 

The cerebral distrilmtion of the emboli is interesting because the micro¬ 
infarcts are concentrated in the paricto-occipital regions, are sparse in the 
frontotemporal regions, and rare in the basal ganglions. The regions reeeiA'ing 
the largest number of emboli, therefore, arc those supplied by the terminal 
leptomeningeal dhnsions of the middle and anterior cerebral arteries. The 
terminal diAUsions diAude from the main trunk at small angles, but the proximal 
diAUsions supplying the basal ganglions branch at right angles. It appears 
that the angle of branching and the size of the main division influence the 
distribution of these emboli. 

CONCLUSION 

Antifoam Avhen injected in sufficient amount into the cerebral arterial 
system can cause sudden death, or coma and subsequent death. Cei'cbral in¬ 
farction results if enough time elapses after injection. Capillary occlusion 
bj^ antifoam can be demonstrated by the oil red 0 technique in frozen sections 
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and diftcicntiated fiom fat bv tlie osmic acid method Tlie clinical and 
pathologic tinding>, m ceiebial embolism nith antiio.im aie eoinpaiablo in 
man} lespects to those obsei\cd in cciebial fat embolism 

The author'^ would like to express tlieir ajpieeiution to Mr 0 J Roscoc Chemical 
Lnguioet, 'Western Electric Co, lor his cooperation and a-^'-istance in tins nork 
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THE ELECTROENCEPHALOGRAPHIC EFFECT OF COMPRESSION 
OF THE SUPERIOR VENA CAVA DURING THORACOTOMY 

Verf!e L. Brechner, M.D., Eva M. Kavatj, M.D., mid John B. Di/Ioii, M.D., 
Los Angeles, Calif. 

I T HAS LONG been appreeiated that electrical cortical activitj- accurately ]'e- 
fleets depth of anestliosia. Gibbs, Gibbs, and Lennox^ recorded elcetroencepli- 
alograpbie patterns during ether anestliesia in 1937. At that time, they were 
able to correlate depth of anesthesia with the various recorded patterns, and 
suggested that the electroencephalogram be used to monitor depth of ether an¬ 
esthesia. Rubin and Freemaji- reported .some of the electroencephalographic 
changes associated with cyclopropane in 1940, and Brazier and Pinesinger® 
conducted a similar investigation with bai’biturates in 1945. In 1950-3953, 
Faulconer,'* Coui'tin,® Possati,® Kiersey^ and their associates classified the 
electroencephalographic patterns .seen during diethyl ether, nitrous oxide, 
cyclopropane, and Pentothal ane.sthesia, correlating the patterns with blood 
concentrations of the various anesthetic agents at different planes of ane.sthpsia. 
Bj' so doing, they laid a firm foundation for the electroencephalographic moni¬ 
toring of depth of anesthesia. 

Other inve.stigator.s recognized that the electroencephalogram taken during 
maintenance of general anesthesia could be affected by certain cortical insults 
unrelated to the anesthetic agent. Beechei’, ItlcDonough, and Forbes® de¬ 
scribed the etfects of hypotension during ether anesthesia in 1938. They found 
that an ef ' of hypotension resulted in electroencephalographic patterns 
similar tc - f deepening ane.sthe.sia, although the concentration of admin¬ 
istered a. was unchajigcd. In 3950, Goldensohn, Bu.s.so, and their 

co-workCi mt a similar progre.s.sion of the electroencephalographic 

patterns m hypercarbia incident to diffusion respiration during 

Pentothal • The effect of low oxygen tension on the electroenceph¬ 
alogram w: -v Davis and his associates^" as early as 1938. In 1953, 

"^Uwes, K r, 'urney, and Simeone’^ described the electrocardio- 

dc effc arbia and anoxia during anesthesia for .surgical 

■■es. 

, in the operating room, the electroencephalogram 

depression. It is recognized that the anesthetic 

, Division of Ane.stliesiology, University of California 
1958. 
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agents aio onlj one of manj' faetois ivliich may dcpicas the cerebium duinig 
such piocoduies Wlieii tlio depression is gicatei tlian that expected fiom tlic 
amount of anesthetic agent administcicd, an additional cause of cerebial do 
pressioii (anoxia, liypoicaibia, deueased ceicbial circulation) is assumed to be 
affecting electrical activity and an effort is made to find the cause and elim 
mate it 

Duiiiig the past 2 ycais, electioencephalographic momtoimg has been ap 
plied to all open healt pioeeduies (eaidiac bjpass oi hjpotheimia ivith oe 
eluded ciicuhitiou) peiloimed at the Unncisity of California Hospital, Los 
Angeles On fi\c occasions dining thoiaeotomj' foi eaidiac bypass, but bofoic 
the pumping proeednie staited, we had noted a depiessioii of eoitical clectiical 
aotiviti associated vith compression of the siipeiior vena cava In all cases, 


MIXED fATTEIN 




TWO MINUTES LATEI VOLTAGE DECKEASES SUDDENLY 
SUPERIOR VENA CAVA COMPRESSED SY RETRACTOR. 


RETRACTOR REMOVED EEG - SIMILAR TO A 

rife 1—Tlioracotomj under cyclopropane anestliesla Tiaclngs taken after pleura opened 

the dcpiessioii was unaccompanied by changes in the eleetioeaidiogiam, svs 
tcmic blood piessuie, oi icspiiatoiy pattern In Case 1, 2, 3, and 5, the 
clectroenceplialogiaplue patterns letuined to the predepiession pattern shoitly 
after the corapicssion of the supeiioi vena cava was leleased, and before anv 
changes were made in piilmonaiy ventilation oi eonceiitiation of auestiietie 
gases administered In the fouith ease, the elcotioeiioephalogiaphie pattern 
giadually letuincd to the predepression level even though the paifial occlusion 
of the supeiioi vena cava was not icleased 

Cyclopiopane was used as an anesthetic agent in all eases The 5 eases 
are piesented below. 
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Case 1 (Pjg 1) —Tile oiioiatne pioccdnie and nnintonance of aucstliosia 
M.is nueoniplicati d until tlio \oltagc of tlie ekctioonccplialogiapliic patterns 
d( Cl eased o\ci a 2 minute peiiod This was iiiiaceompaiiied lij am change 
111 ticquencj of coitical aUiiita Pulse latc, blood piLSsiiie, and tlic oleetio 
caidiograpluc patterns weie unchanged The siugcon was notified of the al- 
teiatioii and noted that a letiaetoi i\as paitiallj occluding the superior vena 
caia The letiaotoi avas removed and the voltage promptly returned to the 
predepression level 

Case 2 (Fig 2) —The electroeneephalogiapliic pattern developed a sud 
den decrease rn voltage with slowing in frequency These changes rapidly 
piogressed to complete cortical cketrieal silence A ictiactor was found com 
pressing the superior vena eava The clectrieal activitj of the brain rapidlv 
leturned to tlie predepression level when the retractor was removed The con 
centration of cyclopropane was not clianged durmg this episode 

Case 3 (Pig 3) ■—The electrocncephalographic tracings were being re 
corded at a slow paper speed of 1 mm per second An ineicase in voltage 
was noted and the paper speed was ineieased to 15 mm per second A pat 
tern of modeiatelj severe cortical depiessioii developed and it was noted that 
tlie superior vena eava was partially obstructed bv a clamp The obstiiietion 
was removed and the cortical electrical activity rapidlv changed to a fastci 
fiequencj and lower voltage 

Case 4 (Pig 4) —As the great vessels weie being fiecd, the surgeon stated 
that in Older to got proper exposure, it was necessary to retract the siipoiioi 
vena eava to sricli a degree that it would be partially occluded Piioi to par 
tial oeclusioii, the electioeneeplialogiapliic pattern was one of fast frequenej 
(18 to 20 e p s ) at relativ elv low voltage (less than 100 microvolts), 20 seconds 
following partial occlusion, the frequeiicv slowed and the voltage increased 
until a pattern of moderate depression was established The cortical electrical 
aetmty showed no fuithei depiession during the next 2 minutes Then, even 
though the superior vena eava remained partial!} occluded, the coitical elect!i 
cal activit} returned to the predepression level 

Case 5 (Pig 5) —^Difficult} was encountered durmg insertion of a drain 
age catheter into the superior vena cava prior to the pumping pioeediire On 
the basis of experience from the preceding 4 cases, the surgeon requested that 
the eleetroenoephalogiam be closelv obscived Coincident with this request 
It was noted that the electroeneephalogiapliic pattern was changing from G to 
Sops fiequenc} and voltage to 100 ;iv to a pattern of slow frequeiicv (1 to 2 
eps ) high voltage (200 to 300 pv), thus reflecting a modcratclv severe degree 
of cortical depression The cortical depression continued to increase over the 
next 20 seconds until a pattern of electrical silence was iceoided The electri¬ 
cal silence pemisted during the next 3 minutes while the siiigeon attemiitcd 
to readjust the positron of the catheter The catheter was then removed This 
was followed b} a rapid return of the electrical cortical activitv (low voltage 
G cps aotivutv') A smaller catheter was then inserted into the siipeiioi vena 
cava without anv accompan}ing elcetioencephalogiaphic change 
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16 SECONDS AFTER CAVA RELEASED, A PATTERN OF FASTER FREQUENCY 
(10 cps) LOWER VOLTAGE HAS APPEARED. 
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ig. luriiioi v<N* cava mai kim vAtiutiv «imueii» ttc an» a haii 
M iMuiti. contCAt utex'CAt ACiiviiv II cimiLAi ro ikai kicoi»i0 
fllOl 10 OlfItvenOM AlinOUOM IHI CAVA II IKU COMIIIlltB 


Flfr. 4.—Continuous traclngr. J, Superior vona cava pnrtlnlly nhstruftMl by retraction at 
^l. 2, tSIoninp of frequency anil increase l«v soltaRc indicative of incieaslnir cerebral depres* 

slon, S —s, CEO has stabilized at ■ ’ ‘ " ' ' al iloprf sslon. U. Cortical depres- 

sfon leasenlnff, superior vena cava ' , ■ IQ, Superior vena cava lias been 

partially obstructed CJ4 minutes. • ■■ : is similar to that recorded prior 

to obbtructlon although the cava is ■ ■ ■ 

Throughout this episode, all nUaI signs remained unchanged. Both lungs were visible 
and well ventilated, and the concentration of cjclopropane administered was »><■ -nl. 
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Fiff. 5.—Continuous tiacinfr. 



W EEG EFIECI OP CO^IPEESSIO^ OP’ SUPERIOR YEMA CIVV 35!) 

DISCUSSION 

In Case 4 the supeiioi lena eaia nas paitially obstuictecl puiposel 3 , and 
tlie degiee ot coitical depiession momtoied elcotioonccphalogiapliicalh The 
letiun of cleetiical actmU to picdepression Icicls •nhile the eoinpiession of the 
supoiioi \ena caia pcisistcd md\ indicate that eoinpensatoii mechanisms adjust 
to tlie abnormal condition caused bj the obstiiiction Tlic piogrcssion of coiti 
cal depiession to complete electrical silence in Cases 3 and 5 uoiild indicate 
that these compensatoij nieclianisms cannot alnajs adjust satisfaetonh 

Although the \enous piessiiie in the internal jiigulai vein uas not meas 
uied in an\ of these patients, it seemed possible that the electioeneephalo 
giaphio depiession associated uitli obstiiiction of the siipeiioi \ena caia lesults 
fiom incieascd ceiebial lenoiis piessiiic In all eases ut 11610 impicssed bj 
the absence of change in iital signs clcctioeaidiogiaphie signal, and sistemic 
blood piessmc associated nith the eoitical depression 

These ohsenatioiis, as noil as otheis in different tiiies of eases haie led 
us to belieio that electi oencephalograplnc inonitoiing of anesthetired patients 
constitutes a laliiablo addition to methods of monitoring the pioper conduct of 
both anesthesia and siiigeii While it is appicentcd that it is not practical 
to emploj all possible methods of monitoiing in all suigical patients, these 
obseiiations iioiild tend to point out that caie in the placement of letiactors 
during tlioiacic suigoii mai prcient some othciuise uiic\plaincd iiostopciativo 
neuiologioal sotpielae oi sequelae that maj haie boon nttiibiitcd to anesthesia 

suiiMAni 

File eases of depiession of coitical elcctiical actnity associated uitli pai 
tial obstiiiction of the siiperioi leiia caia aic picscntcd 

In the 5 cases piescnted, the electi oencephalograplnc depiession uas unas 
sociated nitli changes m iital signs and electiocaidiogiaphic signals Electio 
cncephalographic monitoiing allows the earli detection of a ceiebial insult 
which might haie resulted in coitical damage had it been allowed to pcisist 
It IS suggested that the coitical depiession deseiibed in these 5 eases ic 
suited fiom incicased ceiebial lenous prcssuic 
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PRACTICAL METHODS OF HOMOLOGOUS CARDIAC 
TRANSPLANTATION 


Watts R Wehb, M D , Hecto! S Houatd AID and William A Neel) AID 
Jackson, Altss 

With the Technical Assistance of Stennis W^ax and D)ke Haganian 

P REMous e\peiimeuts ha\e demonstiated fundamental piinciples of tians 
plantation of the heart uitli both lungs, and the heait -nith one lung' Homol 
ogous or autologous tiansphntation of the lieait uith both lungs is feasible 
tcehiiiealh, but encounters the physiologic iinpisse of lespiiaton insufficienci, 
\thieh can he eiieuimented In loaiing one inneiiated lung in the teeipunt 
'While ti insplaiitatiou of the hcait tnth the lelt huig is tcchiiicalh difficult, duo 
to the oteihmg aieh of the aoita, tiansphntation ot the hcait uitli the light 
lung (Fig 1) has pioied lelatneh oas\ 

These e\perimonts hate been continutd to deielop methods of tnnsplinting 
the heart bj itself, uhich coneeitablj could piotc moie desiiabh in mam 
oiiciimstanees The heait can sunitc uithout ciioiilation ioi peiiods of at 
least 90 mimites at loom fompeiaftuc if, as suggested h\ Ciouoil and Smith' 
the heait is heatily hepaiinized, oi if the blood is peifiised fiom the cardiac 
capillait bed to prevent the foimation of obstructing clots vnthin the coionaiv 
vascuHi bed' If, in addition, the hcait is icfiigeiated in a nutiicnt iiiodiuni 
at 4° C, it can be pieseived toi at least 6 to 8 hoiiis and letiiin to iioinial 
function ^ Ltilizing these methods to gain requisite time and the pump oxj gena 
tor to maintain the leeipicnt dining the pciiod ol tianstei, tcehniqius of com 
plele homologous caidiac tiansplantation have been developed 

viFi lions 

JIatclied pans of healthv adult niongicl dogs vveie anesthetii'cd with jiento 
barbital and icspiiations weie imintained bv inteiiiiittent positive piessuie with 
loom an Stcinal splitting incisions wtic found to oftei sitistactorj exposuie 
The dissections iii the donoi and lecipicnt arc compilable except foi tieatment 
of the vessels Pieparation of the lieaits lequnes isolation ot the infciioi and 
siipeiioi venae cavae, aoita, pulmonaiv nitciv, and pu!moiiai 3 veins The 
Sondeigaaid technique was utilized bilatciallj to obtain sufficient length for 
the pulmonaiv veins, paiticulailv loi the left supeiioi pulnion-nj vein which 
hifuieatos immediatclj into two small vessels 

From the Deportment of Surgerj TTnUerslti of VUs3i''qippl School of Vreaicinc Jackson 

Vlisa 

Supported b> Xatlonvl Institutes of Health Grant No H 2806(01 and the Vlississippi 
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362 


WEBB, HO’WARD, AND NEELY 


J. Tfioradc Surg. 
March, 1959 


After inflow occlusion, tlie donor licart was perfused with lactated Ringer's 
solution througii the right ati-iuni, to flush all blood from tJie heait and Imigs. 
All'ornately, 10 ing. of lieparin ]icv kilogram of body weiglit may be injected 
intravenously to ])revent intravascular clotting during the period of iseheiuia. 
After division of the vessels, the heart was dissected free from the trachea to 
which it is attached by thin areolar tissue, and refrigerated in cold Tyrode’s 



Fig. 1.—Diagram showing anastomo.ses used in transpiantation of heart and rigiit iung. 



solution containing 10 per cent serum, according to the formula of Gross and 
co-workers.® After the heart had been cooled, couples (Fig. 3) were inserted 
into the venae eavae and pubnonary veins. 

In the recipient animal, the phrenic nerves were carefully freed from the 
pericardium, and dissection performed as above. All vessels were left long and, 
to obtain additional length, the pulmonary veins may be divided with a cuif 
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of atrium. After tlie preparatory dissection had heon completed, the pump- 
o-xygonator was connected by venous catheters inserted in the femoral and jug¬ 
ular veins, and an inflow catheter in a femoral artery. The venae cavac and 
aorta were cioss-clamped and the heait excised 

The donor heart was inscited with the venous couples being attached to 
the corresponding veins. During this period there is some loss of blood through 
the pulmonary veins due to the bronchial circulation to the lung. After anas¬ 
tomosis of the pulmonary veins to the heart, the inflow from those fill the heart, 
to aid in preventing air embolism. The pulmonary aitcry was anastomosed next, 
and the aorta last. Prior to completion of the aortic anastomosis, a small catheter 
was inserted into the left ventricle and .saline solution injected to icmove any 
romaining air. The aortic clamp was removed first to allow restoration of 
coronary circulation before the hcait assumed the load of the full cardiac output. 
If a heart had not been rcfiigerated, the aorta would be anastomosed first to 
re-establish the coronaiy circulation as soon as possible. 



OUSEBVA’JION.S 

The donor heaits were exteriorized from 2 to 4 hours before their coionaiy 
circulation and function wcic icstoicd. If the aorta and ])ulmonaiy arterv weie 
sutured, the actual in.sertion required about 40 minutes. If, as was oceasionall.v 
done, the aorta and pulmonary artciy wcie joined with couples, the insertion 
time could be reduced to about 22 minutes. Dsually an additional 20 to 30 
minutes and pai-tial .support by the pump-oxygenator was required before the 
trausplanted heart was fully warmed and funetioning strongly enough to iissumo 
the full resting circulatory load. 

Countless mistakes and failures were encountered during the developmental 
phases of this procedure. Of twelve technically successful transjdauts;'however. 
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satisfactory cardiac function with normal blood pressure was restored in ten 
Two were lost from arrhythmias and failure. In both of these, air embolism was 
noted which was thought to be the primary cause of failure. Four hearts spon¬ 
taneously resumed a sinus rhythm. The remainder fibrillated, but I'csponded to 
electrical defibrillation. One heart, which had done well for 25 minutes, was 
lost when additional calcium chloride caused fibrillation Avhich could not bo cor¬ 
rected. It was noted repeatedly that these hearts are extremely sensitive to the 
action of drugs such as calcium or Adrenalin. 



Fig-. 1.—Iirlectrocarcliogram of Dog 10 —Control, 1 Iiour and 5 liours after tran.splanta- 
tion (3 and 7 hours after initial removal from donor). Note the slow rate of the denervatcd 
heart and the S-T segment depression suggesting anoxia. Dog died of oozing at 6 liours. 


The remaining dogs lived from 30 minutes to T hours and 30 minutes. 
Two dogs showed gradual development of firm, raised, ischemic appearing areas 
over the surface of the myocardium, suggesting edema of the myocardium, prob¬ 
ably from the trauma of massaging the chilled heart. Unfortunately, the peri¬ 
cardium had to be removed during the dissection and most hearts showed small 
areas of eechymosis at the areas of greatest trauma from the cardiac massage. 
These had not been seen with different techniques of transplantation where the 
pericardium could be preserved. The gz-eatest hazard was continued oozing fi’om 
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tlic tienieiulous laM suifnces dexeloped duimg the pioceduio Lndoubtedly 
niaiij ol these dogs had dc\( loped a liemoirhagie diatliesis during the 1 to 2 houi 
jieiiod of c.udiopidmonaij bjpass 

In pontiast to those uith tiaiispJanfation oi the lieait and bolli lungs, the 
longoi sui\nois ueie able to bicathc spoiitancouslj Eleetroeaidiogiams (Pig 
4) leieakd icstoiatioii of relatncli normal patterns, the late uas slower as 
evpccted in a deiietiated heait, and most showed S T segment depiession sug 
ai.sti\ e of the effects of ano\ia 

DISCUSSION 

Jlaim and his associates fiist tiansplanled pupp\ hearts uito the neck of 
lecipicnt animals using speed piimaiilj to pic\ent degeneration of the tians 
planted hoait They could accomplish the tiansplantation in 5 minutes, and the 
puppj heaits sunned foi seieral da\s Maieus, Wong, and Lusida® lepoited 
the use of mteiiin peifusioii of the donoi heait wliile transplanting it and the 
lungs into the abdominal eaiities of dogs, with anastomoses to the infeiioi %ena 
cava and the aoita AVith aitificial iespiratioii, this heait lung piopaiation was 
able to niamtam life tompoianb while the lecipient’s own heait and lungs 
weie c\cluded fioni the ciioulation Neptune and his associates" wcie the fiist 
to tiaiisplant the coinhined heait and lungs into the mediastinum to leplaeo the 
lecipieiit’s owni heait and lungs, and reported one G houi suivnal We liaie 
been unable to eoiifim then finding that such a prepaiatioii is compatible witli 
adociiiato spontaneous lospiiation Oiu cxpciienees with autotiansplantntions 
of the hcait and lungs domonstiated that, if the tiaehea is sectioned at the 
carma to lea\c a well innenatcd tiachea, spontaneous letiiin of icspiiation is 
possible although the lespiiation is quite slow and the pioteetno cough iefle\ 
IS abolished These lattoi espei iineiits weie porfoimed utilizing the method of 
Sen Shall, and Satoskai,” who dcmonstiatcd continuous icciieiilation of blood 
thiough this isolated heart lung dm mg the tianstei 

Berman and lus associates" have likewise successfiilh transplanted the heait 
in dogs with suiiiials foi 21 and 117 iiiiiiutes In neithei of these, howciei, was 
a noimal blood pressure developed Kcquisitc time was gained by the ntili/ation 
of two teams, so that tlie heait was out of the bod,i ajipioNiniatch 30 minutes 
Rathei than utilizing indnidiial anastomoses of the piilnionarj lems, the atin 
woio siitiiicd on each side, reducing the iiiimbor of anastomoses fiom eight to 

SIX 

Ill \iew of the iinmeious anastomoses requiied, couples of some natiiiG are 
adi aiitageous Couples such as those of Fnfoglo'” allow eaih restoiatioii of 
blood flow, and the anastomoses can then be poifoinied at leisiiie The couples 
we liaie used (modified Blakomoie tubes) were found to be ^ery similar to those 
of De Villegas,*^ altboiigli developed indcpcndeiitlj and used somewbat diffoi 
cntlv A sewing macliine oi a staplei such as that deiiscd bv the Russian, 
Andiosoi," m,ai proic to he extreme!} xaluable 

The aboio inetliods outline the gcncial piinciples foi solution of the piob 
lems of tune and of toehniqiic foi possible futuie clinical cardiac tiansplantation 
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Obviously, many refinements and further developments are necessary in many 
phases of this complex procedure before such will be possible. In addition, tlm 
unsolved problem of the immunologic responses will prevent, jiei'mamiut sur¬ 
vival of any transplanted homologous organ at t.jiis time. Ilow(!ver, the inroads 
made by the investigations of Billingham,^® Enneldng,i'> Edgerton,” Yarco,*" 
and many others, point to the general nature of this reaction, and indicate that 
these problems likevdse may be solved. 


SUJIJIARY 

Technical and physiologic considerations of free homologous cardiac trans¬ 
plantations are presented. Of twelve technically successful transplants utilizing 
refrigerated hearts, ten were able to maintain normal blood pre.ssurcs from 30 
minutes to ly^ hours. 
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THE BACTERIAL FLORA OF THE HUMAN 
TRACHEOBRONCHIAL TREE 

Noble 0. Coirellj ]r., M.D., Kenneth C. Johnston, M.D., Hiram T. Langston, 
Al.D., and Ralph H. Hubble, Ph.D., Chicago, III. 


INTRODUCTION 

A s THE NUJiDER aiicl cxtciit of Operations upon the pulmonary system in¬ 
creases, knowledge of its phj-siology becomes more important. Studies 
of tlio bacterial flora of the tracheobronchial tree would seem to bo of value. 


METHODS 


The bionchial mucus from each of 200 patients in a tuberculosis sani¬ 
tarium was cultured. The specimens of mucus were obtained at bronchoscopy 
from 100 patients, and from tlie open bronchial stump at the time of pulmonary 
resection from the other 100 patients. 

The method for obtaining bronchial mucus at bronchoscopy was as fol¬ 
lows • Following production of topical anesthesia with 2 per cent Pontoeaine 
spray of the phaiynx and tlic porlaiyngcal instillation of 10 per cent cocaine 
intratraehcally, the patients were bronchoseoped to determine the status of 
the tracheobronchial tree. During bronchoscopy, a swab was taken of tlio 
bronchial mucus from within the main-stem bronelii. The swabs were placed 
in a sterile container and given to the bacteiiologist, who transferred tlie 
swabs to trypticase soy broth and incubated them oveniight. The broth cul¬ 
tures were e.xamined microscopically after IG hours of incubation. If tlio flora 
appeared to consist of staphylococci, .streptococci, pneumococci or any com¬ 
bination of gram-positive cocci, mixed culture sensitivities were made on blood 
agar and Mueller-Hinton media for a range of antibiotics and sulfonamides 
The high-low eoiieentrations of drugs in commercially prepared disks* wcri 
used. If gram-negative bacilli were present, isolation on BJfB agar was made 
for further identification and sensitivities. 

The method for obtaining bronchial mucus at surgery was as follows: 
The swabs of bronchial mucus obtained at surgeiy were made by sinrlin? 
the sterile cotton applicator in the aggregate of mucus found in the op-n 
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proximal broiicliial opening lollomng transection of the hronchns at the time 
of pulmonary resection. This collection of mucus was cultured and then 
smeared for gram stain. With two exceptions, the culture of these swabs 
began immediately after their receipt from surgery. Invariably these swabs 
were found to be saturated with blood-tinged mucus. Using asejjtic technique, 
they were swirled in tiypticase soy broth, thioglyeollate In-oth, then streaked 
on blood agar, and finallj' smeared on a microscopic slide for direct examina¬ 
tion by gram stain. Subculture sensitivity studies were made as described 
previously for cultures from bronchoscopy swabs. 

All cultures were continuously incubated at 37° C. until positive or for 
4 days if negative. Concurrent incubation under 10 per cent carbon dioxide 
environment was performed with a limited number of surgical swab specimens. 
No additional positive cultures were obtained under carbon dioxide. 

Of the one hundred resections, there were fifty-seven lobectomies, seven¬ 
teen pneumonectomies, sixteen segmenteetomies. and ten lobectomies with 
segmenteetomies. 

RESULTS 

All cultures of bronchial mucus obtained at bronchoscopy were positive. 
jMost were mixed cultures and revealed bacteria commonly found in the 
phaiynx. The relative incidence of each microorganism can be seen in Table I. 


Table I. Results of Culture op Bronchial Mucus Obtained at Bronchoscopy 
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01 the oignnibms found fiom the btonchial mucus taken at bionchoscopy, 
Table III shows the lelatne effceti^eiicss of the diffeient antibacteiial agents 


Tabif III Results op Sensitrita Stoihls o\ Bactfpia i\ BRO\cni\L Mucus Obtaineii 

AT BltOVCHOSCOn 


ANTIBIOTIC OR 

%HirHii 1 

%MOUERATFI\ j 


\GENr 

1 SFN SlTIVF { 

SENSITIVE 1 

% RESISTANT 

Cliloromj cctin. 

90 

S 

2 

Maginnijcin 

88 

5 

7 

Erjthromj cm 

S5 

g 

7 

Novobiocin 

85 

10 

5 

Aurcoinjcin 

73 

18 

0 

1 err imvcin 

65 

11 

24 

Petr'icv clmc 

6> 

17 

21 

Penicillin 

66 

10 

24 

Streptomv cm 

2o 

15 

60 

Gniitrism 

9 

28 

63 

Sulfndnzinc 

7 

23 

70 

Of tlie oiganisms icco^eied fiom the 

open bioiichial stumps at surgot} 

Table IV shows the lelatno cffectneness of the ditfcreiit antibneteiial agents 

Tabif IV Ri suits o> 

‘^ENSITIMTV SlXtWES 0 '^ 

BvCTEhU IN BrONCHUL Mucus Obtaintd 

FroM 

THE Open Brovchiai Stump at Tiior\coTOM\ 


VSTIBIOTICOP 1 

7r IIIOIIIl 1 

% MODER \TET V [ 


ACENT 

SFNSITUb I 

SFNSITTVF I 

% PFSISTAST 

Chloromjci tin 

88 

0 

12 

^^^gnaTnvcln 

05 

10 

25 

Fntliromvpin 

75 

0 

25 

Nov obiociii 

70 

15 

15 

Aureomyem 

88 

0 

12 

Temmvein 


0 

25 

Tetrnev clino 

75 

30 

15 

Penicillin 

55 

10 

15 

‘^trcptomvcin 

60 

30 

10 

Gantnsm 

15 

30 

55 

Sulfndnzinc 

10 

35 

55 


DISCUSSION 

Tioin these data it is olnious that the bacteiial content of bioiiUiial 
iiiueus diffeis, dcpeiidiiig upon how it is collected Those specimens of bion 
dual imieus obtained at bioiithoseopy niiifoiiiih gicw Inctoui, usually iii 
iniNid eultuic wluicas the mucus obtained thioiigh the open bioiiehnl stump 
at suigm was steiilc in 80 pei cent of the 100 eases studied 

It IS suggested that the high incidence of positive ciiltiiics from the 
bionchoscopic specimens is due to the aspiiation of salna, high in baetciial 
eontont into the iioiiiially steiilc tiacluobionchi il ticc Such aspiiatioii 
suielj occuis as the lesult of leflcx coughing initiated hi the intiatiaoheal 
instillation of the topical anesthetic agent The possibihtj of phaiyngeal 
mucus coiitamnnting the Inoiichoscopo duimg its passage is also to be con 
sidticd, although nisei ting tin steiile bionchoscope diieotly into the tiaclna 
thiough I steiilc hniigoscnpe still pioiidcd mucus which giew bactiiia upon 
culture 

It IS possible that some of the positicc cultuies obtained fioni bionchml 
sccietions tiken fiom the open bionchnl stump at suigei'j wcicthc icsult 
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of contamination from the anesthetist’s aspirating catheter during the practice 
of performing tracheobronchial toilet. This factor seems especially likely 
in at least two instances in our series in which the anesthetist had to do 
multiple tracheal aspirations and manipulate the endotracheal tube to resposi- 
tion it during the operation. 

The remaining 18 surgical patients, found to have bacteria in their bron¬ 
chial mucus, showed a high incidence of other complicating factors; 5 had 
sputum posithm for tubercle bacillus on smear of sputum preoperatively; 3 
had bronchogenic carcinoma ; 2 had bronchopleural fistulas preoperatively; 
one had hemopneumothorax preoperatively, aiid one had an unusual bronchial 
anomaly. 

The I’emaining 7 patients with bacteria in the bronchial mucus had no 
known complicating factors. Their organisms Avere: tAvo hemoljdic Stayihy- 
lococcKS aiirens; three diphtheroids; one alpha streptococcus and two Staphy¬ 
lococcus alhus. 

There Avas no correlation betAveen the leAml at Avhieh the mucus Avas ac¬ 
quired and the presence of bacteria. There Avere thirteen posith^e cultures 
from the fifty-seAmn lobar stumps, three posithm cultures from the sixteen 
segmental stimips, tAvo positiA’c cultures from the seAmnteen pneumonectomy 
stumps, and tAvo positive cultiu’es from the 10 patients having more than one 
surgical stump. 

SU:\IMARY AND CONCLUSIONS 

1. The normal human tracheobronchial mucus lining is quite likelj' sterile. 

2. Various bronchopulmonary pathologic states favor the presence of 
microorganisms. 

3. Bronchial mucus obtained at bronchoscopy foIIoAving topical anesthesia 
is likely to be contaminated, probably by aspirated saliva. 



NONOBSTRUCTIVE CONSOLIDATION ATELECTASIS 
FOLLOWING THORACOTOMY 

Atoms AI Culiiiei, AID, Staule) B Reich AID, and Jacob Abouai, AID, 
San Piancisco, Calif 

C OLLU’&i of the lung, secondan to obstiuelicm societions of the tia 
clieobioiichnl tiec, is a common postopeiative complication Collapse of 
the lung oeeuiimg after thoiacotomi, iiitbout obstiiiction of the tiaeheobion 
ehial tieo, oi massiie pleuial cftiision or licmonliage, is a ven unusual conipli 
cation 

In 1908, IV Pastcui' clcscubed cases of niassne lung collapse, and defined 
this as “total deflation of a laige aiea of lung tissue ot sudden onset—in the 
absence of am signs of obstiiietioii of the aiinai oi of any Kiionii cause ot 
compicssion—due to failuie of inspiiatois pouei ” He lefeiicd to cases ot post 
diphtheric parahsis of the diaphragm and occasionall} of the nitoicostal inus 
clos and felt that the distending foiec on the lungs bccnnic less than the elastic 
and niusculai agencies which tend to cause its conti.iction, and so the affected 
poition of the lung lapidh empties itself of contained an 

His evaluation of the patenev of the tiachcobionchial tree was of couisi, 
laigeh on the basis ot plnsieal examination, since bionchoscopv was not cai 
lied out This papei initiated contiovcisj and, in 1914, Elliott and Dinglei 
denied the possibilitv of collapse vnibout bronchial obstiuction In suiipoit of 
this the\ stated “The onlv possible explanation along these lines (collajisc 
mthout bronehial obstiuction) supposes the aheolai nail to have active con 
tiaetile povvei like that of muscle, and tins assumption finds no giound ioi its 
suppoit in the facts of picseiit pinsiologital knowledge In the light ol oiii 
piesent know ledge then tenets and objections aie iiiv alid 

Chill chill,“ 111 a classic pajici jniblislicd in 1925, discussed tlio etiologv ol 
pulinonaij collapse and nsciibed it to the result ot two conditions, in vaiviiig 
degiees of inipoitance in each ease (1) weakened foicc of icspiiatoij muscle 
action as in debilitating diseases, nivasthenia giavis, iiid tiauina to the chest, 
accidental oi opeiativc, and(2) bionebial obstiuction 

He implied that the In mu Inal obsti nUion is .i niiuli moie signifiuinl fadoi 
in lung collapse He did, howcvci, discuss a case of piilnionaij infaiction, with 
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severe pleuritic pain, in which case lung collapse subsequently developed. In 
this patient, he felt that the bronehial obstruction was not a significant factor, 
but that inhibition by pain of respii'atory muscle function Avas very iinporlant 
in the etiology of collapse. 

Thus, Ave concur in the opinion that postoperatiA^e lung collapse, in tlie vast 
majority of cases, is due to obstructing secretions in the tracheobronchial tree. 
Our experiences, hoAA'^ever, Avith several patients Avho, by bronchoscopic, radio- 
logic, and phj’^sical examinalions, AA'crc piwed not to have obstructing tracheo¬ 
bronchial secretions or other obstmeting mechanisms haA’c convinced us that 
the complication of nonobstjuctivc pulmonaiy consolidation-atelceta.sis can 
and does occur. AVe have also found references in the recent literature to eases 
of transitory lung collapse occurring postoperatively, Avithout explanation foi' 
this collapse being offered. Once the physiologic basis for this complication is 
appreciated more eases A\dll be recognized. 

AA^ithout going into detail concerning the dynamics of ]'o.spiration avc Avill 
briefly discuss the basic factors responsible for pulmonary aeration. 

Aeration of the lung occurs as a passh^e filling, througli a patent tracheo¬ 
bronchial tree, in response to pleuro])arenehA’mal ])ressure differentials that re¬ 
sult from an increase in the A'olume of the thoracic cage. The A^olumclric in¬ 
crease is .secondary to the actiA’c factors of (1) descent of the diaphragm, and 
(2) elevation of the ribs and the sternum by the other muscles of rcspiratioji. 
Cessation of action of either factor u.sually can be eom])cnsa1ed adequately by 
the other factoi'. 

Splinting, due to ijain, of the re.spiratory excursion of the thoracic Avail is 
commonly seen in the period folloAving thoracotomy, and may be essentially 
comi)letc. Phrenic nerve paresis or seA'er.ance jnay occasionally occur as a result 
of the operative dissection. AA^hen both inhibition of the thoracic Avail excursion 
and phrenic paral3^sis folloAV a thoracotomy, passive lung aeration no longei’ 
occurs and the lung collapses as aii' is absoi'bed. Under these circumstances, the 
tracheobronchial tree remains unobstructed. 

Summaries of several cases illustrative of this complication arc jn-esented. 

CASE REPORTS 

Case 1.—V. II., a 59-year-old white woman. Tliis patient was adniittod on Jan. 1-1, 
1957, for repair of an esophageal hiatus hernia. On Januaiy 15, a transthoracic repair was 
carried out utilizing a diaphragmatic counter-incision for traction-reduction of the herniaied 
stomacli. For several days following operation norma! lung aeration was present. 

On January 19, there was a marked diminution in breath sounds over the left lower 
lobe. A roentgenogram made on January 20 (Fig. 1, A and B) revealed left lowci- lobe 
collapse. 

On January 21, bronchoscopy Avas done. No significant amount of secretion was found 
in the tracheobronchial tree. No improvement in aeration occurred postbronelioscopj'. 

On January 23, a repeat x-ray film indicated continued collapse of the left lower loije. 
Bronchoscopy was repeated. No secretions rvere present Avithin the tracheobronchial tree. A 
Avidely patent left bronchus doAVU to and including all segmental orifices Avas seen. 

On January 26, x-ray (Fig. 1, C) and fluoroscopic examinations revealed a fi-xed left 
diaphragmatic leaf and almost complete left lung collapse with mediastinal shift to the lett. 
On Fob. 2, 1957, an x-ray film (Fig. 1, B) show-ed complete left hmg collapse. 
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Tlio p'ltieiit luid compKnicd of SL\trc musinii'il piiii during tlio ontiro postojx ntm 
ponod On Fcbriurj 4 nnd 7, intercostal nmp hlocls wore done to docrpi«;c tlie clicst 
pnin The pituiif uas instrmtcfl m brt itlimg c\cici«?c« rrcun bchruirA 4 to 11, then 
ttTS '5pontnnooii<5 e\pni«<ion of tin left Inn^ to the pinnt of ilrnost coniplef( lention uitli i 
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return of the mediastinum to normal position. On Eeb. 11, 1957, the patient was discharged 
liome. Follow-up x-ray examinations and fluoroseoiiy were done on Jan. 14, 1958. The films 
showed complete lung expansion. Fluoroscopy revealed fhc central inii'alygis to be permanent,- 
there was some peripheral normal diaphingmatic function. 

Comment .—This was our first recognized cneouiiler with Ihis entity and we were at a 
loss to appreciate fully the factors involved. It was decided on Feb. 4, 1957, to employ 
intercostal nerve blocks to decrease the pain element and to lelieve the chest wall splinting. 
With improved thoracic wall excursions and despite the permanent phrenic paralysis, spontane¬ 
ous aeration of the lung occurred. 

Lung collapse occurred here in the presence of a patent tracheobronchial tree. The 
left thoracic wall motion was markedly inhibited by pain. This, in association with the left 
diaphragmatic leaf paralysis due to the operative procedure, resulted in the two factors 
responsible for lung aeration being completely nullified. 



Pig. j..—Cont'd. E, Posteroanterior view made on 2-8-57 demonstrating re-aeration to be 
almost complete and a return of tlie mediastinal structures to noi-nial midline position. 

jr. This posteroanterior view made on 1-14-58 shows complete lung aeration. Tlie left 
leaf of the diaphragm is higher than tlie right. 

Case 2.—^D. S., a 5-month-old infant. The second case preceded Case 1 but its com¬ 
plication was never understood at the time of occurrence and only clarified itself in retrospect. 

The infant was admitted on Nov. 1, 1954, with a tentative diagnosis of double aoitic 
arch. After preliminary investigation, an exploratory thoracotomy was undertaken. At 
exploration on November 23, no anomaly was found but the mediastinal dissection was quite 
e.xtensive. 

On November 24, the infant manifested severe respiratory distress. An x-ray film made 
on November 24 (Fig. 2, A) showed relatively good left lung expansion as well as nonnal 
right lung aeration. The degi-ee of respiratory distress decreased but there was some per¬ 
sistence of the respiratory difficulty. The patient was discharged on Dec. 5, 1954, unfor¬ 
tunately without further chest roentgenograms having been taken. 

The infant continued to have some respiratory distress at home and repeat x-ray exam¬ 
ination on December 15 (Fig. 2, B) demonstrated complete opacification of the left hemi- 
thorax, with elevation of the left diaphragm, and mediastinal shift to the left. 


FJi- 2 —A Tlxis roentgenogram of 11 24 54 ttie fl«&t postoperathe «la\ «!lious inconi 
plete left lung expansion and aeration The left diaphragmatic leaf Is slightlj higher than the 
right 

S On 12 13 d4 tA\ent> first postopcruti\< da\ the left hemlthorax Is comi leteU optfjue 
There is mediastinal shift to the left and elexation of the left diapliragm 

C On 1 24 55 2 months postopciatKe the left lung remains opaque and slmus nsso 

Cl itod mediastinal sidft to the left Close xie\\ of the original roentgenogiam showed the 
left bronchus to be patent and air containing down to segmental branches 

I), This \iew made on 5 17 >7 7 months poatoperalUe demonstrates complete aeration 
and re expansion of the left lung The mediastinal structures and the kft diaphragmatic 
leaf aie In normal position « 
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Tlio patient, -ivas readinittecl ou Jan. 6, 195.5, for study. -Fluoroscopy on January 7 
showed paradoxical movement of the left leaf of the diaphragm and indicated complete paraly¬ 
sis of the left leaf. 

Bronchoscopy on January S showed no significant amount of .secretion in the loft main- 
stem bronchus or trachea and only some edema of the mucosa. 

On January 15, bronchoscopy was repeated and showed no secretions plugging the 
tracheobronchial tree. 

Treatment could not be instituted since the cause of the consolidation-atelectasis of 
the lung with its resultant respiratory difficulty could not be elucidated. 

The patient was discharged ou Jan. 27, 1955. At home, the patient gradually im¬ 
proved. He was readmitted on Jan. 17, 1955. At this time an x-ray film of the chest 
(Fig. 2, D) shmved lung re-e.xpaiision and aeration to be complete and a return of the 
diaphragm to a normal lower level. On Sept. 7, 1956, fluoroseoi^y revealed normal diaphrag¬ 
matic motion. 

Comment .—This infant demonstrated consolidation-atelectasis secondary to diaphrag¬ 
matic paralj’sis. The factor of pain is of much less significance in the infant than in the 
adult postoperatively in limiting thoracic wall respiratoiy movement. Eespiration in infants 
is largely a function of diaphragmatic movement, not of thoracic wall movement. The ribs 
in the infant are nearl}- horizontal at the end of expiration. Elevation of the ribs during 
inspiration is of minor degree. Aeration, therefore, is almost entirel}' a function of diaphrag¬ 
matic action with very little rib or sternal movement. Thus, this bifant showed left lung 
opacification and no aeration as long as the diaphragm remained without function, and 
much beyond the period of splinting due to pain following thoracotomy. 

Case 3.—B. E., a 56-year-old white man. This patient demonstrated a coin lesion of 
the left upper lobe on x-ray examination on Sept. 9, 1957. The x-ray film at that time 
showed the left diaphragm and the mediastinum to be in normal positions. 

On September 11, a left upper lobectomy was done for carcinoma of the lung and the 
dissection entailed minimal mediastinal manipulation. On x-ray study of September 12 
(Fig. S, A), the left diaphragm was markedly elevated and the left lower lobe expansion was 
incomplete. There was some mediastinal shift to the left. 

There was a gradual decrease in respiratory sounds over the left hemithorax to the point 
of complete absence of vesicular sounds by SeiJtember 20. The x-ray films at that time 
(Fig. 3, B) showed a completely opaque left hemithorax, further mediastinal shift to the 
left, and contraction of the hemithorax with continued elevation of the left diaphragmatic 
leaf. On September 23, fluoroscopy showed an immobile left diaphragmatic leaf. On the 
same day, bronchoscopy revealed a clear tracheobronchial tree with no mechanical obstruction 
of the left main-stem bronchus. There was no improvement following bronchoscopy. 

Thoracentesis, on Sept. 25, 1957, yielded about 400 c.c. of sero.sanguineous fluid, cer¬ 
tainly insufficient to be responsible to any extent for the complete left chest opacification. 

The patient was placed on vigorous breathing exercises at frequent intervals, stress 
being placed on voluntary left thoracic wall increase of respiratory excursion. 

An x-ray examination, on Oct. 5, 1957 (Fig. 3, C), showed relatively good lung expan¬ 
sion, although minimal fluid was still present above the left elevated diaphragm. Fluoroscopy 
and x-ray films, on Jan. 15, 1958 (Fig. 3, Z>), showed good diapliragmatic position and ex¬ 
cursion, excellent aeration, and a normal mediastinal position. 

Comment .—This case again demonstrated the entity of atelectasis-consolidation re¬ 
sulting from voluntary limitation of thoracic excursion in association with phrenic paralysis. 
Voluntarj' respiratory exercises and later return of phrenic nerve function lead to full left 
lower lobe expansion with descent of the diaphragm and a return of the "mediastinum to 
normal position. 

Case 4. —^J. L., a 38-year-old Negro man. On Dec. 18, 1957, this tuberculous patient had 
a left upper lobectomy and concomitant tailoring thoracoplasty udth removal of ribs 2, 3, 
and 4 and stripping of the undersurface of rib 1. The dissection during lobectomy was 
exceedingly difficult. 
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Ptp i — I Tlu«! roentgcnoprHm ma Ip on 5 1*» o" tic first postlobcctonn 1 ij stouj. 
incomplete left lower lobe aeration ele^atlon of the left tliaphragmatic leaf anl marki 1 
mediastinal shift to the left 

B On 9 20 o" tie ninth postoperatKe da> there was complete left lower lobe consollda 
tion atelectasis maikecl mediastinal displacement to tlie left, and left diaphrapniatic clc\ntIon 

C, On 10 5 57 left lower lobe re aeration is good and there is partial return of the 
mediastinal structuiss to the right 

D Tills \Iew made on 1 15 58 shows excellent left lower lobe expansion and good inedlas 
tinil and ilnphragmatlc position 






C D 

Fig 4— A, This preoperatue film of 11-0-57 shows tubeiculoiis flbrocaseous disease of 
the left upper lobe, noinial left diaphragmatic position and slight mediastinal shift to the 
left 

B, This film of 12-18-57, immediatel} aftei lobectonij and thoracoplastj. shows lelatnel' 
good left lower lobe expansion and mediastinal position 

C, On 12-19-57. the first dai postopeiati\e, lung collapse is complete on the left, and the 
right heart border is at the left maigin of the \ertebral column 

D, On 12-22-57, the lung was conipletelj collapsed, but the left bronchus and segmental 
bronchi can be clearly seen to be patent Mediastinal shift to the left is marked 
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All \ ia> film itnmedi following iurguj (Fig 4, B) showed 'icrition of the left 
lower lohc, nul llie diiplingm to bo m iiipnicntlj iioimal position Filnib of DiHcinber 19 
(Tig 4, 11) find Bceeinlier J2 (Fig ■Ij showed fonipbte oj) u ifio ition on tlio left Tito rlia 
pliragm tiiniot Ik rli u1\ ston 1 ho inodinstiinl nluft to tlio h ft lioi mit inoic m irkt 1 
Fliioiovcopi on the Imnth postopm itnc da^, J)u<mlicr 22, sliowid di iplir igniatic pirihsis 
on the left, which was confiimcd md peisistent on Jin 13, 1958, and FlI) 23, l’)5S The 
bird film of Dec 22, 1957 (lig 4, B) showed the tricliea and the left Inoiichus to be patent 
No fluid was present in the pleural space it the time of this film Bronchoscopy, later on 
this day, yielded leiy little secretion and the bionclius was Widely patent dowai to and in 
eluding ill segment il orifices No improvement resulted from bronchoscopy Four davs later, 
on the eighth postoperative day, Bee 26, 1957, the left lower lobe showed slight aeration on 
\ rav examination Ihe \ rav examination of Feb a, 19as (Iig 4, F), sliowed execllint 
left lower lobe expansion, and a return of the mediastinal structures to the light, to their 
picopcrative position 



rig 4—Cont <1 E On 12 2G .>7 tlic ninth postoperative daj a little 'leration w xs sr'on 
m the left low Cl lobe 

F On 2 5 '’8 the film shows excellent left lower lobe expansion and deration ind the 
mediastinal structures are In their preoperative position to the right. 

Comment —The phrenic nerve was severed m this case Iho removal of portions of 
ribs 2, 3, and 4 and transection of ribs 5 and 6 to permit a fifth interspace approach to the 
pleural space resulted in postoperative pain, marked splinting, and some parniloxieal motion 
This case demonstrated again consolidation atelectasis following thoracotomy, not due to 
bronchial obstruction, but duo to the loss of function of all the muscles of respiration, dia 
phiagmatic, intercostal and accossorv 

With a gradual dccitasc in the splinting of the left chest and an increase m the func 
tion of tlie intercostal muscles in the later postoperative period, spontaneous ro aeration of 
the left lower lobe followed, despite permanent phrenic nerve loss 

DISCUSSION 

In the piesentation of these 4 cases, we dcmonstiate an operative comiilica 
tion pi CMoush noted but not full> umlcistood AVe lenlize „ tion 
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of limited chest wall respiratory exciii’sions in the period following thoracotomy 
and phrenic paralj’-sis occurs without resulting invariably in total collapse of the 
ipsilateral remaining lung. The response, liou'cver, of any given patient to 
postoperative pain is an individual variable factor. 'Whereas all patients after 
thoracotomy show a decrease in the ijisilateral i-aspiratory excursions, albeit un¬ 
consciously, the limitation varies as a voluntary restriction from a minimal 
to an absolute degree. 

The diagnosis of nonobstruetive consolidation-atelectasis was established 
]jy radiologic and clinical evidence. 

1. All cases showed opacification of the hemithorax. It is of interest to 
note that the collapse occurred, not immediately after thoracotomy, but rather 
over a period of several days postoperatively. Tliis suggests a slow process re¬ 
sulting from weakness of chest wall excursions with gradual collapse, as opposed 
to the rapid atelectasis that occurs .secondary to bronchial occlusion. 

2. ^Mediastinal shift was to the side of collapse. When spontaneous aera¬ 
tion occurred there was a return of Jlie mediastinum to a more normal midline 
position in all cases. 

3. All patients showed a paralyzed diaphragmatic leaf. The pai-al.vsis was 
temporary in 2 cases, permanent in 2 cases. 

4. The patency of the major ti’acheobronchial tree was established by bron¬ 
choscopy in all cases during the period of collapse at a time when maximum 
opacification was demonstrated by .x-ray examination. 

Bronehoseop.v was done on one or two occasions in each case and, in addi¬ 
tion, auscultatory examination of the chest one or more times each day in every 
ease I’uled out obstruction by secretions as the ba.sis of collapse of the lung. 
In addition, the roentgenogram in 2 of these 4 cases sliowed relatively clearly 
patent major bronchial and segmental bronchial subdivisions in otherwise 
opaque collapsed pulmonary tissue. 

Certainly, some secretions are alwa.vs produced by and lie within the minor 
bronchiolar subdivisions, and tlius are beyond our point of vision by bronchos¬ 
copy and x-ray examination. To ascribe to tliese normal secretions obstructing 
powers is equivalent to stating that tlie immediate neonatal atelectasis is due to 
tracheobronchial obsti’uction by normal tracheobronchial secretions, rather than 
to the weakness of the inspiratory power of tlie neonatal muscles of respiration. 
When the muscles of respiration regained power of action, aeration of the lung 
occuiTcd, daspite the normal mmimal secretions of the minor bronchiolar sub¬ 
divisions. 

In our experience, whenever postoperative atelectasis has resulted from ob¬ 
structing secretions in the traclieobronehial tree, we have never failed to obtain 
immediate, physically detectable, and easily radiologically demonstrable im¬ 
provement in lung aeration. In the eases presented in tliis paper, we obtained 
no improvement following bronchoscopy and removal of the minimal secretions 
present in the tracheobronchial tree. It is inconceivable to us that lobar anc 
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outlie lung tollajibe can oetut secoiidaii to olistiiictioii bi secictions, without 
tliesc scoietioiis being pieseiit in the iiiajoi tiaclieobionchial tree wiiieh is easih 
\isnali7(cl bi bioncboscopi 

Thus, ^\c conclude that these cases lepieseiit consolidation atelectasis ol 
<i nonobstinctiie nature, duo lathci to paialjsis of the ipsilateral muscles of 
icspnatioii, diaphiagmatie and iiitcieostal As pieiioush stated, the phienic 
paiahsis ivas confiinied in all cases and iias peiiiianent in 2, and inhibition b\ 
])ani ot the inteicostal muscle action nas maiKed m all but the infant 

Thoiapi must be diiccted to coniiteibalancing the lactois lesponsililc toi 
the lung collapse The phicnic paialjsis cannot be altcied AVe can lediicc 
the lolnntaij'leiitilatoii icstiictions hi inteicostal iieiie blocks, hi lespiiaton 
oseieiscs, and bv the use of an inteimittent positne piessiiic machine AVc 
liaic consideied the use of endotiacheil intubation and insiiSlalioii All these 
methods Mill be fiiithci nnostigated 

AVhon, 111 the postopeiatuc penod theic is a failiiie of the ipsilateial lung 
to bccouie 01 to lemaiii, espanded and obsti notion is not piesont, one might 
oidinaiih coiisidei le esiiloiation on the assum])tion that the losidiial lung col 
lapse lesulted fiom toision of the pulmonan pedicle oi sasoiilai tliiombosis 
That liOMeioi, should not he done until this siiidionie of iioiiobstiuetno 
consolidation atelectasis has been niled out In bioiiehosoopj duoioseopic | 
esamniatioii of diaphiagmatie action and oliseii ition of the degiec ot lospna 
ton escursion of the ipsilatci il tlioiacic «all 

SUMM Mil 

A\''e present ease demonstiations ot a complication that tollows thoracotonn, 
icsult.ng from the elimination of the tuo actne factois lesponsible foi piil 
monaii aeiatioii This complication of lung consolidation atchctasis lesults 
fiom phieiiic paiahsis in association «ith icstiictioii hi pain of the icspiiaton 
esciiisions of the tlioiacic Mali and despite a clcai fiachcohionchnl ticc Thei 
apt has been discussed and liiithei possible methods of ticatment suggested 
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EMERGENCY THORACOTOMY FOR MASSIVE SPONTANEOUS 
HEMOPNEUMOTHORAX 

John R. Rydell, ARD., Santa Barbara, Calij. 


Tn kkcext years, several eases liave been reported of severe liemorrliagc into the 
1 pleural space associated with spontaiieous pueuinothorax. Traditionally it 
has been well-accepted policy to treat spontaneous pneumothorax in a conserva¬ 
tive manlier. This has varied from simple observation for the less severe case.s, 
to intermittent needle aspiration or even continuous suction on a cathcr placed 
into the inti’apleural space. Occasionally intrapleural bleeding wil be a.sso- 
ciated with spontaneous pneumothorax, but ordinarily this volume of blood 
loss is not sufficient to cause concern. It is not unusual to aspirate a modest 
amount of blood at the time of thoracentesis for removal of air. In the past 7 
years, sporadic reports have begun to appear in the literature regarding a more 
aggrc.ssivc attack on occasional severe ca.scs of hemopneumothorax. It is the 
purpose of this paper to emphasize the fact that the problem of such bleeding is 
not always of minor degree. Under certain selected circumstances an emergency 
thoracotomy may be necessary to stop hemorrhage, which otherwise would con¬ 
tinue unabated and finally cause death. Recently, we have treated such a patient, 
and believe that a policy of earlier operation might have contributed to a more 
satisfactory result. Wider recognition of the importance of this potentially 
grave condition may save other lives. 

CASE REPORT 

The patient, a 55-year-old printer, was admitted to the Cottage Hospital at 6:10 A.M. on 
Dec. 18, 1957. He had evidently been in good health until about ]0 days before his hospital 
admission, when he developed what he considered to be influenza with mild fever for 2 or 3 
days but with a persistent rasping cough since the onset. About 3:00 A.xt. on the day of ad¬ 
mission, he was awakened by a spell of coughing which was terminated by the occurrence of a 
widespread pain across the entire precordium, most marked in the left mammary area. Ho 
grew progressively more dy.spneic following this, and was brought to the ho.spital with a 
pre.sumptive diagnosis of an acute coronary occlusion. On examining the i)aticnt after hos¬ 
pitalization, it was obvious that the re.spiration involved a marked lag in the left Jieniithorax. 
There was a hj-porresonant note to percussion and there were absent breath sounds over the 
entire left lung. He was ashen graj^ in color and was perspiring heavily. TJie blood pressure 
was 110/70 mm. Hg. The diagnosis was then made of acute pneumothorax and portalde 
-X-ray studies confirmed this fact, revealing almost complete collap.sn of the left lung. There 
was evidence of pleural fluid at the left base. The mediastinum was shifted to the rigid side 
producing considerable compression of the right lung. An electrocardiogram was interpreted 
as showing a coronary insufficiency pattern. 

From the Department of Surgery, Cottage HoRpital, Santa Barbara. Calif. 

Received for publication June 30, 1958. 
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s llic iiiitiiitiiig factor and the lieniothorax may 
dars later Indeed, Powell' has .stated that 
- in 12 iier cent of all cases of ])nouinothorax. 
ou'ver, have reported a miieh lower ineidenec in 
'n ,iny event, the lieimeney of associated lileedina: 
iith and ot sufficient dangei tliat it should always 
.i.illy serious eoinplioation. It must bo regarded 
'HI- forms ot internal hleodino .such as that from 
'iid.smental principles ajiply to Iioth, namely, that 
he jiatient can be kept under control by rest, blood 
dieal therap.v, but if the hemorrhage does not .soon 
■hows signs of massive bleeding, early surgery must 

ive advocated thoracotomy as the tieatmont of choice 
it the risk is less even in the early cases. It is true 
e jiroloiigcd even when the bleeding spontaneously 
is often difficult to aspir.ite from the chest despite 
■idement, and a clotted hemothorax is likely to lead 
1 e.Niiand. In certain less fortunate cases, if iiia.v be 
onary decortication to correct an otherwise chronically 
I'cssion. 

pathogenesis in most .severe instances of hemopiieit- 
•e .souice of air escajie is iisuaily a ruptured bulla or 
rent lung to tear small adhesions between the 
These are gciicrall.v located between the upper 
pleural cavity. One should not be lulled into a 
■eving that the bleeding will cease spontaneously 
pulmonarv vessels with their associated low blood 
nts operated upon, the bleeding ])aint has been 
the systemic circulation, l.ving in the chest wall 
IS interesting to observe the massive accumula- 
lespitc a relativel.v slow ooze from the bleeding 
'•n electrocoagulation and packing with oxidized 
the bleeding. The operation itself .should not 
iliese patient.s will impiove dining the surgery 
'll belter condition than upon arrival, 
ed in which patients have died ot hemor- 
i .il control of the bleeding point would 
AVhen a patient continues to bleed ac- 
appear that the .safest procedure is to 
1 a bitter disappointment to have the 
s was b.v far the oldest patient recorded 
rax. It follows that his heart and 
of a massive hemorrhage. 
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^CASSIVE SPONTANEOUS HEMOPNEOMOTHOKAX SSS 

N ml er j tfx t/ 

IKualh the piicumotlioiax is the imtiating tactoi and the lioauithoiax inai 
not hoeoinc iMclcnt until some dais latii Indeed. Powell' has stated that 
some dieiie ot hletdini; oeems m 12 ppi cuit ot all casts ot |mcinnothoia\ 
Otheis (Hide and Hide ), howciei, haie icpoiltd a ninth lowci ineidtnce in 
the laiifit ot I to o pel etnt In am emit, the iitrininci ot issociated hleedm" 
in piieinnotlioiax is high eiiough and ot snffieuiit dangei that it should alwais 
be kept in innid as a poteiitiallj seiioiis complieafioii It must be legaided 
with as iiiiieh lespcet as othei foiins of iiiteinal bleeding stieli ns that troin 
jieptie uleei The same iniidanicntal piiiieiphs appK to both, naineh, that 
constiiatisiii is piopei if the patient can be kept nndei contiol b\ lest blood 
tiaiisfiisions, and other medical thciapi, but it the heinoiihage dots not soon 
tease and if the patient shows signs of inassiie bbeding eaili snigeri must 
be adiised 

f'hne and Ilnttei'" liaie adioeated thoiaeotomi as the tieatincnt of choice 
loi all eases, beliciing that the iisk is less cicii in the eaili cases It is tine 
that eomalescciice mat bo pioloiiged eien when the bleeding spoiitaneoiisli 
censes Tbe clotted blood is often difficult to aspiiatc fiom the ehcsf despite 
the aid of oiicMiiatio debiidomeiit and a clotted Iieinotboiax is likeh to lead 
to a tailuie ot the lung to expand In eeitain less foitnimtc cases, it inai he 
mcessan to lesoit to pnlinonan decoitieatioii to collect an otheiwiso chioniealh 
disabling pnlmonaii eompiissioii 

The siiwilaiits of the pathogenesis in most scscie instances of hemopnen 
motlioiax IS lemarkablo The soiiice of an eseajip is nsualh a iiiptnied bnlla oi 
bUb, winch causes the adlieitnt lung to teai small adlitsions between the 
Mseeial and paiietal plcuia These aie gencialh located between the iippei 
lobe and tbe leij apex of the plenial caiitx One should not be lulled into a 
falsi siiisc of s"ciiiitx bi bclioiing that the bleeding will cease spontaneonsh 
since It inav oiiginate tiom the pninionan \csscls with then associated low blond 
])iissnie In noaih all patients opeiated upon, tlie lilccding point lias been 
shown to aiiso fiom xessels of the sislcmic ciiculatioii, hing in the chest wall 
niidei the paiictal plonia It is iiitciesting to obseiic the iiiassiie accnmnbi 
tion ot blood winch can occiii despite a iclatiieh slow oo/e iioiii the bleeding 
point on tbe pai icfal plciiia Often elcctiocoagulation and p ickiiig w itli oxidized 
eellnlosc will be sufficient to stop the bleeding The opeiatioii itself should not 
take long to peifoini, and mam of these patients wnll iinpioie diiniig the snigei \ 
and Itaie the opeiating table in much heltei condition than upon aiinal 

Cases lime hieii leceiith lepoitod m which patients haie died of liciiioi 
ihage, when thoiaeotoim with siiigical eoiitiol ot the bleeding point would 
piobabh haie ax cited such tiagcdies AVlien a patient continues to bleed ae 
til eh loi at least 24- honis, it would appeal that the safest pioceduie is to 
peifoim thoiaeotomi Although it was a bittei disappointment to haie the 
patient die, it imist be icmcmbcied that he was hi far the oldest patient iccoidcd 
with seieie spontaneous hemopnoiimothoiax It follows that his lieait and 
lungs weic less able to withstand the shock ot a massiic heinoiihage 
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SUIMSrAKY 

Significant bleeding into the pleural space is associated with spontaneous 
pneumothorax in from 5 to 10 per cent of cases. The mechanism of the hemor¬ 
rhage is usually a ruptured bleb or bulla at tlie apex of the lung. The resulting 
lung collapse tears pleural adhesions, and starts bleeding from the parietal 
pleura. 

In most instances such bleeding will cease spontaneously with appropnate 
conservative therap 3 \ Oecasionallj'’ it will persist and maj" cause a fatality un¬ 
less controlled l)j' open thoracotom 5 ^ Such a case has been presented. 

A plea is made for a more aggressive surgical attack on this problem. 
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MASSIVE HEMOTHORAX CAUSED BY AN 
INTRATHORACIC MENINGOCELE 

A Case Report 

Hugh E. Al.D., and Rtchaid W Einst, AID., Dallas, Texas 


T he triad of neiiiofibromatosis, kyphoscoliosis, and intiathoracic menin¬ 
gocele^’'^ has been lecogmVed in the literature Onr piiipose is not jnst to 
add the thirteenth case to this incieasing sciies, but to nndeiHne a heictofoie 
unreported complication of this lesion which would indicate that iiitiathoracic 
meningocele is not always a “benign lesion” and that massive hemorihngo 
may be a constant danger 


CASE REPORT 


This 43jearold Xegro man arn\c<l at the cmergenc} room of Parhinnd Jtemoiinl 
Hosilital on April 10, 1957, complanung of lett anterior client pain of one (la>'s duration, 
chills, fever of 100* F., fatigue, and general malaise During the past fen hours he had 
noted increasing d 3 spnea 

Past historj was essentially noncontnbutorj. The obvious generalized neuro 
fibromatosis and marked kj plioseoliosis of the thoracic spjne had been present since earl} 
childhood During a hospital admission 4 vear<s previou‘’Iv for an otitis media, one of 
the skin lesions was biopsied and the diagnosis conlimied. There was no history’ of neuro 
logical disfunction 


Phjsical examination revealed an aciiteli ill patient; blood pressure 90/70 mm Hg 
pulse ion, respirations 30 There was obvious neurofibromatosis The left henuthorai w i 
dull to percussion Breath sounds were absent over the left base and greatly dimmish 
over the apex There was marked tenderness over the left lower chest wall and the 
tient complained of increased pam during deep inspiration Heart sounds were noi il 
The mediastinum was shifted to the right 

X rav' studies of the chest revealed opaeiti of the left chest and confirm shift 
of the mediastinum to the right (Pig. 1). 

Aspiration of the pleural fluid revealed it to he frank blood winch did n f >.Iot with 
a hemoglobin concentration of 0 Gm. per cent The patient's circulating I luod henio 
globin was also 9 Gm per cent Two thousand and four hundred milliliteis f blood were 
aspirated from the left chest. Tlio patient was transfused with 1,500 ml ,t whole bloo'^ 
with prompt improvement. Repeat roentgenograms of the chest reveal<d a completed 
re expanded lung There remained onlv a mass in the left vertebral gutter at f/'P 
of the lower thoracic spine (Fig 2). 


Surgery, Tlie IJnIversItj of Texas 
Received for publication Tulj 10 ISIS 
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Laminagrams in the anterior-posterior and lateral projections "erere made on April 
24, 1957 (Fig. 3). Thej- suggested an extrapleural origin of the tumor. The mass could 
not be separated from the aorta in either plane. The following differential diagnosis was 
proposed: (1) aneurysm of the descending thoracic aorta; (2) neurofibroma, intrathoracic, 
with malignant degeneration; (3) spontaneous hemothorax with encapsulated residual 
hematoma; (4) the remote possibility of a bronchogenic carcinoma. 

Preparation for surgery included making available an aortic graft and a Polyvinyl 
sponge prosthesis for bypass. The lesion was approached through a left thoracotomy. 

Upon opening the chest, fibrinous deposits were noted over the visceral and parietal 
pleura, especially in the vertebral gutter. The mass consisted of a subpleural meningocele, 
with a thick fibrinous covering, which protruded into the chest through a vertebral 
foramen at the hemivertebra. During the early stages of dissection, profuse venous and 
arterial bleeding came from the vessels tented over the tumor. Before dissection was con¬ 
tinued, the center of the mass was aspirated with a needle and clear fluid consistent with 



Fig. 1.—Posteroanterior roentgenogram of chest on admission showing massive left hemothorax 

and shift of mediastinum to the right. 

spinal fluid was obtained. The vessels, vertebral and intercostals, were so fragile in the 
organizing hematoma, it was impossible to clamp them. Suture ligatures deep in the ad¬ 
joining tissue were required for hemostasis. Several of the vessels broke off at the aorta 
and arterial silk was used to suture the aorta. The meningocele was dissected down to 
its neck. It was then opened to rule out a myelomeningocele. The spinal cord was seen 
in the canal but did not protrude into the sac. 

The sac was amputated at the neck, and the neck was closed, top over bottom, 
with two layers of interrupted silk sutures. No spinal fluid leakage was noted. Hemo 
stasis was completed. The chest was drained to an underwater seal and closed. 

The postoperative convalescence was completely uneventful. There was no accuniu 
lation of fluid in the chest. The lungs were fully expanded. Repeated exanunations, in 
eluding a 3- and 6-week postoperative follow-up study, revealed no neurological signs of 
any kind. The patient has resumed full activities. 
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Fij,'. J—A, I’oatcroanterlor x-ray of chest after asplnitlon of blood sliowinj? mass in 
left costal vertebral sulcus behind cardiac silhouette (nrroxc) 

B, L#*rt lateral x-ray of chest sbowJne persistent mass ovcrljlnff aorta and vertebral 
bodies (arrows). 
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The cause ot tin suddiit hinioiihagi might be e\pl lined In i sitddi n 
ineitaso in intiaspinal jiiissuie and eonsiqiient expansion of the meningocele 
ditiing snce/ing oi eoiighing lesulting in the niptiiie oi one of these tiiable 
\essels One ot the patients in the 3 eases lepoited be Bjion, Albng ind 
Sattisoid dud oi caidite iiiest tolloMing massne hcmoiihige it siiigeu 
coiifiimmg the potintial daitgei of hemoiiliage fioni the icssels ,iiound tliise 
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Naiison” lOMCMcd the liteiatuie on intiathoiaeic meningoeelc inalj/ing 
the published easts aeeoiding to agi sex tape ot hsion, and Mhethoi oi not 
theio Mas eoneoniitant Von Heekliiigliauscn’s disease Cases Mithout nemo 
flbioniatosis and kaphosoeoliosis aie uiteommon as shoMii bj Seats, Clajton 
Hid Stcbel ” 

Among the 27 eases colleeted In \aiison tlieie Meie 3 eases'' ” in Mliith 
tieatiiient and lesults of tieatmeiit Mete unknoMn Six patients Meie nof 
tieatcd," » 11 1 1 Mitli one death and tiiikiioMn lesiilts in 5 One patient 
a 7 Meek old infant had piogiessiie lespiiatou disticss hecause of the si/i 
of the tunioi and died betoio tiiatmint could be staited Then aic an addi 
tional 7 patients tieated Mith pioteduies othei than txtision" ' "" 

Eloaeii patients Mcie tieatcd bj excision ' ‘ i s n n "i 

The lesults weie as tolloMS in the 7 patients Mhose tieatmeiit Mas otliii 
than excision tlicie MCie 4 de iths 2 Iniiig and iiiikiiOMii otifcmiie in one 
Among the 11 patients tieated bj cxision tlieic Meie tno siiigieal deaths as 
a lesiilt of a complicating enqnema Oiiis bungs the total to 12 lases tiiaful 
by excision 10 sueeesstnllj so AVe leali/c that the total senes of e ises is 
small, but it seems ohiious that cxcisional thuapi juhls the best losiills 


SUSIM \B\ 


An unusual ease ot the lathe. laie ti.ad, ,on Keekhngi, mseii’s disc ,s, 
kyphoscoliosis and intiathoiacic meningocele, ,s p.escnted Tins case ihs 
tinguishes Itself fiom othei lepo.tcd cases of mti.atho.aeie nieim.goiile In the 
deielopment of a sudden massne hemothoiax The possible (hffeieiitnl 

diagnosis and the thciapx aie pi esented 
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would seem that excision is the best mode of therapy and may avoid the serious 
complication of massive hemorrhage. 
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MEDIASTINAL CYST WITH ESOPHAGEAL COMMUNICATION 

George A. Higgins, M.D.,* Kansas City. Mo. 


M ediastinal cysts constitute a significant numlier of the lesions of the 
mediastinum which arc correetahle by surgical excision.-’ Jlosl of 
these cysts are of congenital origin, although there is considerable difference 
of opinion concerning their pathogenesis as evidenced by the variety of labels 
which have been attached to these interesting lesions: ciliated epithelial 
cysts, reduplication cysts, esophageal cysts, foregut cysts and. most common^-, 
bronchogenic cysts. Recent^', attention has been redirected to the embi’.v- 
ologic development of the lower respiratory tract in an effort to explain the 
appearance of aberrant bronchopitlmonary tissue in various locations and es¬ 
pecially to explain the appearance of aberrant pulmonary tissue having a 
systemic blood supply, the so-called intralobar sequestration.^' ’ Embry- 
ologically, the lower respiratory tract first becomes apparent at an ovulation 
age of approximately 24 days at which time a thickening develops in the 
ventral wall of the foregut. This thickening rapidly develops into a bulge 
which then divides into right and left lung buds, and the respiratory portion 
of the foregut is separated from the esophageal portion by lateral ingrowths 
of the surrounding mesoderm to form a tracheoesophageal septum.® During 
this process of development, ne.sts of cells may be sequestrated from cither 
the foregut or the primitive respiratory tract and develop subsequently into 
isolated cysts. Some of these are carried into the substance of the pulmonary 
tissue and appear as bronchogenic cysts of the lung. Others retain close as¬ 
sociation with the esophagus proper, and yet other.s remain as isolated cysts 
of the mediastinum.®’' To some degree, these cysts may be regarded as con¬ 
genital tracheoesophageal fistulas which have become detached from the 
trachea and esophagus and have become closed off at each end. 

Although there is general acceptance of the above explanation of the 
embryologic origin of c.vsts occurring in the substance of the lung or in close 
association with the lung or bronchial tree, there is some suggestion that 
cysts in close association rvith the esophagus may originate directly from 
the embryonic esophagus. Since the esophagus is lined by ciliated columnar 
epithelium at one phase of development, the presence of such lining in the 
adult cyst does not rule out such a mode of origin.'' Jlany of these cy.sls 
have a wall consisting of two layers of smooth muscle and are devoid of car¬ 
tilage, suggesting further the possibilits’ of reduplication from the esophagus. 
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Since both esophagus and trachea develop from a common anJage, the em- 
biyoiiie foregut, it seems probable that both esoiDhageal and bronchogenic 
cysts may lesult from the separation of nests of cells during the division of 
the foregut into esophagus and tracheobronchial tree. There is, therefore, 
some basis for retaining the term “foregut cyst” since it describes both the 
adult morphology and the embiyonic origin of these lesions. 

Characteristically, the lining membrane of these cysts consists of psendo- 
stratilied columnar ciliated cells although squamous epithelium may be 
present, particularly in cysts closely associated with the esophagus. The Avail 
is usually made up of smooth muscle, and cartilage is often present. The 
lumen is filled with a grayish-white, thick, mucoid material. When these 
cysts are closely associated with the tracheobronchial tree, a communication 
Avith the trachea or bronchus may occur, although this is rare. Even AAdien 
closelj^ associated Avith the esophagms, hoAvcAmr, these cysts are said never to 
communicate directly Avith the lumen of the esophagus.-'’’ The folloAving case 
is considered to be of interest for three reasons: first, there Avas a Avell-defined 
communication betAveen tlie lumen of the esophagus and the cyst so that the 
cyst appeared grossly as a large diverticulum of the mid-esophagus; second, 
the epithelial lining of the cyst Avas composed alternately of stratified squa¬ 
mous epithelium aiul p.seudo.stratified ciliated columnar epithelium; and third, 
this patient is of interest because of his age at the time of removal of the 
cyst. 


CASE REPORT 

W. J., a 64-year-old Negro man, entered the Kansas City Veterans Administration 
Hospital on Aug. 19, 1954, because of pain in the right lorrer costal region. There Avas 
also a historj’ of a 20-pound Aveight loss during the preceding year, and the patient stated 
that he AAms having difficultj^ in SAA'alloAA'ing. Except for evidence of a moderate Aveight 
loss, physical findings Avere noncontributory. Laboratory findings Avere Avithin normal 
range except for a moderate hypochromic anemia and a slight elevation of serum amylase. 
From available records it Avas learned that a large cystic mass had been present in the 
posterior mid-mediastinum as long ago as 1935. The patient had been seen at A-arious 
Veterans Administration Hospitals since that time because of other complaints; hoAvever, 
the mediastinal mass had apparently not interfered Avith his Avell being. Roentgenograms 
in various projections shoAved a cystic mass, measuring 14 by 10 cm., in the mid¬ 
mediastinum. There Avas a definite fluid level, and communication Avith the esophagus 
Avas present as evidenced bi^ barium in the cyst folloAving barium SAi-alloAV (Fig. 1). The 
cystic structure laj' mostly to the right of the midline and there Avas deviation of the 
esophagus posteriorly and to the left. Esophagoscopy shoAved deviation of the esophagus 
to the left and, 31 cm. from the upper teeth, the lumen of the cyst on the right Avail of 
the esophagus could be seen. This lumen Avas of sufficient size to pass the esophagoscope 
into the cyst for aspiration of a large amount of undigested putrified food. Because of 
(he evidence of superimposed infection, as well as the progressive AA-eight loss and anemia, 
operative removal of the cyst Avas recommended. 

Operation AA-as carried out on Sept. 14, 1954. A standard right posterolateral 
thoracotomy was used, entering the pleural space through the bed of the sixth rib. The 
pleural space was relatively free of adhesions. By retracting the right lung forward, 
the cyst could be seen as it protruded into the right pleural space behind the hilum of 
the lung. The mediastinal pleura overlying the cyst Avas incised and the cyst was found 
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to lie iiiimttliatcl} below the canna, between the right and left mam 'stem bronchi and 
slightly posterior Coa«5ider ible diiliculty nas encountered in dissecting the t\st from 
the surrounding mediastinal structures particularly tlie right pulmonaiy ycins M hen 
tlic cyst liad been completelj dissected from tlie surrounding structures, the wall yris 
opened and a connection nppio\imateh 125 cm in diameter y\ns found between the cyst 
lumen and the esophagus (Fig 2) flit nccK. of the cyst yy as amputated and the resultant 
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Fie- 3—Photomicrographs of cyst lining showing; botli stratified squamous epithelium and 
pseudostratified ciliated columnar epithelium. 
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opening in the esophagu'? clo‘?el ivith interrupted «iiitiires of fine silK, so tied that the 
knots weie on the inside of the lumen of the esophagus A second layer of mattress 
stitches through the esophageal miisculans Tias placed for reinforcement The pleural 
space iras flushed Mith saline and a tube placed m the eighth interspace for water seal 
drainage The chest wall was closed m laiers iho postoperative course nas uneventful 
and the patient was dismissed from the hospital 4 weel s following the date of operation 
Ho has had no difficulties since operation and was last seen Nov 27, 1957, for a followup 
study 

The specimen consisted of a cvsfic structure measuring 15 cm m diameter The 
evst wall was composed of a pmkgrav, hemoriliagie glistening smooth epithelium with 
one area of ulceration, approximntclj 1 cm in greatest diameter Microscopicallv (Fig 3), 
the epitliehal lining of the cjst in part consistol of a thickened acnnthotic stratified 
squamous epithelium showing little keratim/ation and morphologically similar to that 
ordinarily lining tlie esophagus In other areas, however, tlie epithelium was papillarv 
and consisted of tall columnar cihatel respiratoiy tvpe epithelial cells In areas there 
were numerous mucous tvpe glands tlie diicfs of which were lined with tall columnar 
ciliated cells The evst wall was composed of dense collugtnoiis fibrous tissue, with oc 
casional small straplil e bun lies of smooth muscle Prolonged search of manv sections 
failel to disclose the pre-'enco of cartilage Ihere were no gastric or intestinal tvpe 
glands present 

The case of a 04jeai old Negio man, haiing a laigo cyst of the imd 
modiastinuni with duoot communication witli the mid esophagus, is picsented 
The epithelial lining of the cyst consisted alteinatolj of sqnainons epitlielmm 
and pseudostiatified ciliated columnar epithelium of tlie respiiatoij type 
The unusual featiue of this case is the communication between the esophagus 
and the cyst Such a commumeation might possibly has e lesulted from spon 
taneons drainage of the cyst into the esophagus lathei than fiom an omlnyo 
logic communication A sniyey of the Iiteiatuie fails to levoal othoi instances 
of such a communication hotwocn the esophagus and a mediastinal cast of tins 

type 
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ADENOCARCINOMA OF THE MIDDLE THIRD OF THE 
ESOPHAGUS ARISING FROM ECTOPIC 
GASTRIC MUCOSA 

Raul A. Armstrong, Ai.D.,* fohn B. Blalock, AID., and 
G. Ai. Carrera, ALD., New Orleans, La. 

A denocarcinoma of tlio esophagus is rare, being encountered less often than 
tlie epidermoid or sqiiainous-cell type. It usuall.y involves tlie lower third 
of the organ, where it is not always possible to differentiate the lesion from a 
primary tumor of the stomach. Adenocarcinoma of the middle or upper third 
of the esophagus is even rarer. The following ease of adenocarcinoma of the 
middle third of tlie esophagus, originating from mucosa of the gastric typo that 
completely lined the esophagus, is presented because of its rarity. 

CARE REPORT 

A white mail, 55 years ohl, came to the Ochsner (Clinic on Dec. 5, 1057, hecau.se of 
difficulty in swallowing. The only almormality on complete phy.sical check-up at this institu¬ 
tion in 195.3 was asymptomatic gallstones, which wore demonstrated roentgenographically. 
Tliree months before admission, tlie patient began to experience difficulty in swallowing solid 
foods. This became progressively wor.se until, on admission, he could swallow only liquids. 
He had lost 8 pounds since the onset of this illne.ss. He had not suffered from coughing, 
vomiting, or regurgitation of undigested food. 

The only significant phy.sical finding was poor expansion of the chest secondary to early 
rheumatoid spondylitis. Classes could not be palpated in the neck or abdomen. On roent¬ 
genologic examination of the gastrointestinal tract (Dig. I, A), a constricting lesion of 
the midesophagiis and an associated esophageal hiatal hernia with about two inches of stomach 
above the diaphragm were demonstrated. In view of these findings, the patient was hos¬ 
pitalized for further studies. 

On esophagoscopy a constricting lesion was seen 28 cm. from the upper incisors; it 
was nodular, pale, friable tissue that bled easily'. The tissue taken at this level by biopsy 
was reported as adenocarcinoma. Ho obvious metastatic lesions were found on thorough 
evaluation of the patient for operation. 

On Dec. 19, 1957, esophagectomy- was done through a right anterior lateral incision at 
the level of the third intercostal space and an upper abdominal midline incision. The tumor 
was found at the middle third of the esophagus at the level of the bifurcation of the trachea. 
The esophagus was excised from a point about 5 cm. above the tumor down through the 
cardia of the stomach. After a Heinekc-Mikulicz type of pyloroplasty- was performed, the 
stomach was delivered through the enlarged hiatus and esophagogastrostomy was performed 
at the level of the apex of the right pleural cavity. 

From the Departments of Surgery and Pathologj-, Oclasner Clinic, New Orlean.s. Ea. 
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The postoperative course was eompHcated by minor separation of the cutaneous edges 
at the upper portion of the abdominal wound on the tentli postoperative day, and sub¬ 
sequent infection after secondary closure, which subsided after drainage and local application 
of bacitracin. Jaundice developed on the tliirtieth postoperative day. This v\as diagnosed 
as homologous scrum liepatitis vvhicli responded satisfactorily to therapy. Otherwise, the 
patient did well, tolerating feedings after the sixth postoperative day. Roentgenologic exam¬ 
ination of the gastrointestinal tiact on. the eleventh postoperative day showed satisfactory 
anastomosis witli prompt emptying of the stomach (Fig. I, B). On discharge from the ho'^pital 
the patient was on a regulai diet, eating tliree meals a day. 



A B. 


Fiff. 1.—-fl. Preoperative roentgenogram of tho esophagus reveals a constilctlng legion 
of the inldesophagus w 1th pronounced decrease Jn the size of the lumen. 

B, Postoperative roentgenogram leveals the esophagogastrostomy located near the level 
of the sternoclavicular joint. There Is an adequate lumen with prompt pas*tage of the barium 
into the stomach. 

The excised specimen consisted of a portion of esophagus measuring 15 cm. in length 
in the fixed state. Approximately 1.5 cm. from the proximal end there v\as an ulcerated 
lesion that extended for 3 5 cm. in longitudinal direction and completely encircled the 
esophagus (Fig. 2, J). It had irregular shallow borders. On section (Fig. 2, i>), there 
was granular, firm, vvliitish tissue which appeared to penetrate tho niueosa and superticial 
portion of the muscnlaris, Imt wltich grossly did not appear to penetrate throughout tlie 
adventitial tisMies. 

Microscopically, the lesion was malignant (Fig. 3). It was composed of atypical 
glandular structures lined by eiiboidal cells with hypercliromatie nuclei and moderately abun¬ 
dant cytoplasm. In many areas, the glandular structures were extremely small and surrounded 
bv abundant tibrous .stroma. In other areas, they were sliglitly huger ami activeh invading 
the superficial portions of tlie muscular eoat. In none of tlie seclions did the tumor extend 
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throughout the adventitia. The remainder of the specimen contained glandular mucosa of 
gastric type with no parietal cells. There was no evidence of the normal esophageal strati¬ 
fied squamous epithelium (Fig. 3). There was no evidence of meta.stasis in the regional 
lymph nodes. 


DISCUSSION 

Incidence .—Tlie first case of adenocarcinoma of the esophagus was reported 
by White in 1898, according to Carrie.^ In a review of the medical literatui’c 
in 1900, Hewlett- was able to find only 6 case.s, all of which were located in the 
lower third. More recently, Smithers^ reported 26 eases of adenocarcinoma 



D. 

Pig’. 2 .—Aj Photograph of open specimen, after Oxation, wliich reveals the tumor near the 
upper border of the specimen (left side of the illustration). 

B, Photograph of side view which reveals the tumor extending through the entire thlck- 
ne.ss of the wall but not involving the adventitia. 

among 314 primarjr tumors of the esophagus seen at the Royal Marsden Hos¬ 
pital between 1936 and 1951, an incidence of 8 per cent. Puestow, Gille.shy 
and Gu 3 nin,'‘ in 1955, reported a 10 per cent incidence of adenocarcinoma among 
603 cases of carcinoma of the esophagus encountered during a period of 23 
years at the Veterans Administration Hospital in Hines, Ill. 

The earlier reports included adenocarcinoma of only the lower third of 
the organ. The more recent reports, however, include adenocarcinomas in the 
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iiiiddle and nppci' thirds. In 1939, Feldman'’ reported a case of an adonocar- 
oinomatoiis polyp of the upper part of the esophagus and, in 1949, Carrie' re¬ 
ported what appears to he the first case of an adenocarcinoma of the upper end 
of the esophagus arising from a patch of ectopic gastric epithelium. Ho rc- 
viowod 19 other cases of esophageal adenocarcinoma seen in his department 



-4.;. 'O' i, •»' . •i'*. 


pjjj. 3_ Uvpcr Photomicrograph of section through the upper border of the tumor 

teve-ils fyl/n malignant neoplasm composed of atypical glantlular stnu'luros lined by cuboldal 
ccUs^'lth hyperchromatic nuclei, i?. Mucosa of gastric type Is seen at the border of the tumor, 
Totrer Photomicrograph of .‘’CCtlon tlirough the of the esophagus at some distance 

from tlio tumor reveals mucosa of gastric type. No squamous-cell type of epithelium Is 
seen lining the esophagus. 
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during a period of 15 years, all of Avhich -were in the lower end. In 1956, 
Smithers® described one case of adenocarcinoma in the upper third and 3 cases 
in the middle third of the esophagus, among 23 cases of adenocarcinoma that 
were studied. In the report of Puestow and associates'* "were 5 cases of adeno¬ 
carcinoma arising in the esophagus at some distajice from the cardia. 

More recently. IMcCorkle and Blades'* reported a case of adenocaremoma 
arising in the middle third oi the esophagus which was treated hy esophagec¬ 
tomy and esophagogastrostomy. The patient subsciiuently died and, at post¬ 
mortem examination, the esophageal mucosa was completely replaced hy mucosa 
ot the gastric t.vpe from the cardia up to a few centimeters below the pharynx. 

Origin .—The origin of adenocarcinoma of the esophagus has been studied 
by various authors. Smithers** postulated that there are three possible origuis 
of true adenocarcinomas of the esophagus (as distinguished from primarily gas¬ 
tric tumors): (1) ectopic islets of gastric mucosa, or esophageal glands, (2) 
esophageal mucous Jnembrane that failed to undergo squamous transformation 
before birth, and (3) mucosa that underwent glandular metaplasia after chronic 
infection. This classification includes, totally or in part, most of the theories 
advanced to exiilain the presence of glandular epithelium that coiild eventuall.v 
give rise to an adenocarcinoma in an organ normally lined by stratified squamous 
epithelium. 

The presence of aberrant (ectopic) gastric mucosa was first described hy 
Schmidt in 1805, according to i\IcCorkle and Blades.® The incidence is not 
established and varies widely according to existing reports. Schridde' found 
aberrant islets of gastric mucosa in the postcricoid region in 70 per cent of 
necropsies. Carrie^ described islands of ectopic gastric mucosa on the lateral 
walls of the esophagus between the level of the cricoid cartilage and the fifth 
tracheal ring in about 50 per cent of the patients examined. Keetor and 
Counerley® found some form of gastric mucosa in the esophagus in 78 of 1,000 
consecutive necropsies performed on infants and children, or an incidence of 
onl.v 7.8 per cent. These ectopic islands were found to be more common in the 
upper (51 per cent) and middle thirds (41 per cent) than in the lower third 
(8 per cent). 

The presence of esophageal glands ■was verified by Carrie.* who actually 
described tw’o t.vpes of glands, a submucosal mucous-secreting gland, and some 
superficial ones resembling gastric glands occurring at both ends of the esophagus. 
This last group corresponds to the ectopic islets of gastric mucosa described b.v 
other authors. 

The theory by which an originally squamous type epithelium undergoes 
glandular metaplasia after a chronic infection, and then undergoes carcmomatoiis 
degeneration, has also been advanced, but we wei’e unable to find any cases m 
which this sequence could definitely be established. 

Barrett® recently suggested that when the lower paid of the esophagus is 
lined by columnar epithelium, which corresponds to Smithers’ second postulate, 
the condition is due to failure of the embryonic lining of the gullet to achieve 
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iiiatuiit} Tlie ease lepoitcd bj McCoiUc and Blades'" and oui east aie txampks 
ol this condition, in nhich the cntiic oigan tailed to tindtigo scinaiiions tiaiis 
toiination 


suini Mi\ 

A cast of adtiiotaitinoina of flic niiddli thud of the esophagus, aiising 
tioni mucosa ot gastric tipe that toinplctcli itlintd tht tsophagiis, has bten 
piLSUited Adenoenicinoma ot tht esophagus is a tiiu eiititi that tan oiiginatt 
fioin tctopic patches ot gastiic mucosa, tioin esophageal glands, oi tiom eso 
phageal mucous membiane tlmt tailed to iindtigo siiuamoiis tianstoimation be 
foic biith 
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PERICARDITIS WITH MASSIVE CASEATION 


Jacob K. Berman, M.D., Victor Mori, M.D., and Anthony Ridolfo, AID., 
Indianapolis, Ind. 

T he purpose of this paper is to record a ease of tuberculous pericarditis Mth 
massive caseation associated with active miliary pulmonary tuberculosis. 
The patient was sueecssfullj’ treated by perieardiectomy. 

Tuberculous pericarditis in its vaiious stages has been exhaustively stud¬ 
ied and described, and the existence of pericardial caseation is mentioned by 
many authorities.^'® Holman® was one of the first to advocate pericardiec- 
tomy in active tuberculous pericarditis. He reported 4 cases, and then added 
a fifth, of successful perieardiectomy in the acth-e phase of the disease. All of 
his patients had positive cultures and 1 showed easeating tuberculous granu¬ 
lation tissue. In a later paper,® he reported 8 patients with proved tubercu¬ 
lous pericarditis who survived perieardiectomy. Six of these had active pul¬ 
monary tuberculosis. Our experience supports his conclusions that peri- 
cardieetomy done during the early periods can be accomplished with greater 
ease than is possible in the advanced stage. Also, early perieardiectomy may 
prevent myocardial involvement seen so commonly in far-advanced con¬ 
strictive pericarditis, and may also prevent the secondary effects of increased 
venous pressure. 

CASE REPORT 

At. M., a 30-}'ear-old Negro woman, came to the Indianapolis General Hospital on 
Alay 30, 1957, because of per.sistent substernal pain, d 3 'spnea, chills, and fever. There 
had been no menstruation for tlie previous 2 months and the patient ascribed her thirst, 
frequent urination, and nocturia to tlie amenorrhea. 

Tlie patient had been seen in the medical clinic at frequent intervals because of a 
persistent cough. X-raj* studies of the chest dating back to 1944 were reviewed, and no 
definite abnormalities were noted. A film taken 1 j-ear before the present illness was 
normal (Fig. 1, A). 

The paJtient was ortliopneic; however, there was no distention of the neck veins and 
no facial edema. Her temperature was 101.2° F., the blood pressure was 106/60 mm. Hg 
and the pulse was 80 and regular. The point of maximum impulse was slightly displaced 
to the left and cardiac dullness was increased, but we were unable to detect anj- murmurs 
and the breath sounds were clear. There was no e%ddence of ascites and the liver was 
normal in size. Bimanual examination showed the uterus to be slightly enlarged and 
sjTumetrical, with a soft lower uterine segment. 

From tlie Department of Surgery and the Robert M. Moore Heart Clinic. Indianapolis 
General Hospital, Indianapolis, Ind. 
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Tho more important laboratory iindingq were as follows: The hemoglobin was 8 
Gm.; erythrocytes numbered 2,8 million; and leukocytes 5,850. The urinalyses were nor¬ 
mal except for 2+ pus on one occasion. Tuberculin purified protein derivathe test, first 
strength, was negative, but second strength was strongly positive. The frog test for 
pregnancy was positive. The electrocardiogram showed nonspecific T-wavo changes 
(Fig. 2). X-ray showed enlargement of the cardiac shadow (Fig. 1, 2?). We thought that 
the patient had tuberculosis and tuberculous pericatditis with effusion. She nas in the first 
trimester of pregnancy, and we believed that this ma}* ha^ c been an important factor in the 
prcsicnt acute exacerbation. 



Fig 1 ._A, X-ray taken 1 >ear l>cfore the present Hlnc'!<« The tran‘?earcltac dlimeler H 

12 cm and the transthoracic diameter Is 27 cm, 

B X-ray taken on admission The transcardiac diameter Is 16 cm. There are no pulmo¬ 
nary cliangcs which nould Indicate cardiac fafluic or millon’ tuberculosis 

<7, X-ray taken 41 days after admission. The cardiac silhouette extends to tho thor.acic 

wall 

D, X-rav taken G months after pcricardicctomy. 

During tho first 2 necks in tho hospital the reiiuttciit fever ranged up to 103” F. Shu 
W'as given various types of antibiotics, including penicillin, streptomycin, Achronijcin, 
Albamvcin, and also chemotherapeutic agents, such ns gantrisin, for an associated 
cystitis. Tho fever gradually decreased, then became intermittent, varying between nor 
nial and lOO® F. Eight weeks after udmis:>ion the temporaturo became normal and re¬ 
mained so. 
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The pulse was SO on admission, but soon reached 120 and remained at this rate 
untal 6 days after admission. At this time the blood culture showed Staphylococcus aureus 
which was coagulase positive. It was found to be resistant to all antibiotics except 
Albanij-cin. Cultures from the sputum, ga'^tric juice, urine, and bone marrow uere nega¬ 
tive for acid-fast bacilli. 

We could now hear a pericardial friction rub. Pericardiocentesis yielded 40 c.c. 
of slightlj- cloudy, j-ellowish-green fluid. Xo acid-fast organisms were found on direct 
smear and none were cultured from this exudate. On the fortj-first hospital day, cardiac 
fluoroscopy- showed the left ventricle to be greatly enlarged and heart puI«ations dimin¬ 
ished. The friction rub could no longer be heard, and the pulse rate vas 130. The 
venous pressure in the right antecubital vein was 20 cm. of water. 



Fig. 2.—Electrocardiogram taken preoperatively, which shovs inverted T waves m Laads II. 

in, aVF, V-. V3, Vi, Vs, and Vc. 


Left thoracotomj- was done on the fifty-seventh hospital day. The lung was found 
to be densel.y adherent to the pericardium and several pockets of localized effusion were 
encountered between the lung and the fibrous pericardium. Heart motion vas barely per¬ 
ceptible under the thickened and shaggj- pericardium. The fibrous pericardium was peeled 
carefully from over the left ventricle. It was roughly 1.5 cm. thick. The phrenic nerve 
was dissected out and retracted laterally. As the serous pericardium was being peeled 
off, a large abscess cavity was encountered. It vtas filled with thick, gray-white caseous 
material and measured about S bj 10 cm. The entire cavity was unroofed, and the left 
ventricle and the left atrium were found to be covered with caseous material which could 
be removed easily (Fig. 3). The pericardium over the right v-entricle varied in thick¬ 
ness between 1 to 1.5 cm., and therefore a perieardiectomy was done, including the re¬ 
moval of a thickened fibrous extension over the superior and inferior venae cavae. The 
epicardium over the right heart oozed considerably. The lung was studded with miliarv 
tubeicles involving all lobes. A small portion of the lingula was removed for microscopic 
study and for culture. 
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Iso organisms vere found on direct smear from the pericardium and none grew in 
culture Studies of the pericardium showed changes characteristic of tuberculo‘’is Biopss 
of tlie lung also showed tjpical tubeiculous granulation tissue 

Postoperatii elj, the patient -nas gi\en 0 5 Gin streptonij cm tiMce daiU nnd 300 
ing i‘«onicotinic acid hjdrazidc dnilj Her recoiera was uncomplicated ind she was re 
leased from the hospital 3 weeks after surgerj 

The pregnanc\ progre^’sed iMthout comphcationn and G mouths iftcr surger\ the 
patient delivered n healtin female infant, neighing 6 pounds 10 ounces The placenta 
showed no CMdence of tuberculosis A-raas made at this time showed great improaemeut 
(Fig 1, D) Tubal ligations were deemed advisable bi the obstetrical depirtmcnt, and 
were done 4 dajs after dehaerj No caidenee of tubeiculosis was apparent in tlic abdominal 
caMtj except on the anterior surface of the Iner, here one hard calcified nodule was rle 
scribed A. biopsy was not tal en There weie no postoperative compluations or s qu lac 
luberculin skin tests made on the infant at 4 months ntre iiegati\e 



rif? a—PliotOBTaph taken at tlie time of suree^^ C—area of caseation f-t—left atrium 
7 1—left \entnclc P —thickened pericardium 


DISCUSSION 

The blootl culture on one occnsioii shoued Staphylococcus ourctis nlucli 
\v'is coigulase positiio No oUiei blood oi tissue uiltuies pioduced a giowtli 
of this oiganism Yet tlio abiuptuess of onset and the ehaiacteiistio chills 
and feiei must bo legaided as inoie tjpical of the so called snppuiatne, oi 
nonspecifie, infections thm of tnbeicnlosis IIouc^e^, it is Mell to ice ill that 
the old floiida plitisis” tjpe of tubeiculosis ins indeed a tuberculous septi 
cemia so acute and inuleiit that the antigen cioked a icsponse not unlike 
that of stapbj loeoecie septicemia Comcisclj, in the chrome staph} locoecic 
infection of bone clinicalh deseiihed as Biodic’s abscess, the staph}lococcns 
is iieak and its nunihers aie feiv and the tissue icsponse is "cold” as in 
tuberculosis ’ 'the single pieopeititiic blood cultuie of Staphylococcus auicus 
in oni case must be regaided either as a eontaiiiination oi a tiansient infection 
ivbicli lias leadih contiolledb} antibiotics 

Ihc histopathologic changes m the suigieal specimens iveio those of a 
giannlomatous lesion charactciistic of tubeiculosis Iloiieiei, no niieio 
(iigamsins of any soil uero found The eiplanalion i "leo of 
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tubercle bacilli is debatable. However, it is well known that when the capsule 
of the tubercle bacillus is fractionated, phospholipids are obtained that have 
the property of stimulating a reaetion similar to tuberculosis due to the pres¬ 
ence of ijhthioic acid.^ This is particularly true in sensitized rabbits. Per¬ 
haps, in caseating lesions, necrosis of the tubercle bacillus occurs with cellu¬ 
lar destruction and the antigenic factor may be phthioic acid. 

Tuberculous pericarditis in our experience begins with some minimal 
pericardial eifusion (moist form) or as a fibrocaseous lesion (dry form), or 
by effusion in some areas and coagulation necrosis in others, simultaneously. 
We have never encountered widespread caseation. The ultimate result is 
fibrosis and calcification, first over the right ventricle at its lower border and 
then OAmr the left ventricle.® 

The effectiveness of antibiotics and chemotherapeutic agents in miliary 
tuberculosis, and pei’icardieetomy in early tubercvilous comstrietive peri¬ 
carditis, is dramatically demonstrated by this case. The miliary tuberculosis 
appeared to be foreboding. However, the patient’s recovery has been com¬ 
paratively rapid and complete. 

SUJIMARY 

This is a case report of a patient with diffuse miliaiy pulmonary tuber¬ 
culosis appearing in the early trimester of pregnancy and associated with 
tuberculous pericarditis with massiAm caseation treated by perieardiectomy. 
She had a sponntaneous delivery of a healthy baby at term. The patient and 
her baby were last seen 10 months after perieardiectomy. Both are apparently 
Avell. 

We are grateful to Dr. Charles Fisoh, Dhector of the Robert M. Moore Heart Clinic, Dr. 
William Tosick, Radiologist, and Dr. Paul Evans, Pathologist of the Indianapolis General 
Hospital, for their kind assistance. 
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SARCOMA OF ESOPHAGUS: SURGICAL TREATMENT 

John Borrie, ChM., F.R.C.S., Dunedin, New Zealand 


INTRODUCTION' 

A lthough sarcomas of fhc esophagus are rare, the present-day wider appre¬ 
ciation that dysphagia means mechanical foregut obstruction which can 
usually be relieved and often cured by operation ensures that patients suffering 
from sarcoma of the esophagus will, from time to time, present themselves for 
treatment. What sarcomas of the esophagus treated surgically have been re¬ 
ported, and what are the results of such treatment? 

The purpose of this paper is briefly to review published reports of surgical 
treatment of this lesion, to describe one further patient who, in 1952, was found 
to have a polj'poid fibrosarcoma in the lower third of the esophagus one year 
after successful hiatal herniorrhaphy, and to report his continued good health 
6 years after partial esophagogastrectomy (Table I). 


PATHOLOGY 


The first ease of sarcoma of the esophagus was reported by Chapman' in 
1877. The pathologic types and clinical features have been fully described in 
the past, especially by Dvorak," who reviewed reported cases up to 1931, and 
ably discussed these particular aspects of the sub.icct. Thorek and Neiman," in 
1950, collected 58 proved cases of sarcoma of the esophagus, which included iO 
fibrosarcomas, 8 leiomyosarcomas, 5 Ij'mphosareomas, 5 meIanosarcoma.s, 3 rhab¬ 
domyosarcomas, and 7 unclassified sarcomas. According to Ewing,' the ace in¬ 
cidence varies from 4 to 70 years. These tumors arc most commonly found in 
the lower third of the esophagus, and may varj- greatly in size. 
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Ewing describes two general types of growth, namelj^ the polypoid and ul¬ 
cerative forms. The former arise from the submucosa, are slow growing, they 
form a polypoid mass within the lumen of the esophagus, cause little tissue 
destruction, and they metastasize late. The latter grow rapidly, infiltrate widely, 
and ulcerate, ^vith hemorrhage, focal necrosis, and even perforation. 

CLINICAL FEATURES 

These may advance more rapidly than with carcinoma of the esophagus. 
The commonest symptom is dysphagia, and is early associated with pain, which 
may be nocturnal and not associated with food. Weight loss accompanies the 
dysphagia, and Thorek and Neiman stress tliat when the degree of w^asting is 
out of proportion to the degree of dyspliagia, a sarcoma should be suspected 
rather than carcinoma. Furthei’, they claim that sarcoma of the esophagus is 
more rapidly fatal than carcinoma, the patient rarely living more than 6 
months after the onset of dysphagia. Although stud}’’ of the eases in which there 
was surgical treatment does not confirm this, nevertheless long-term .survival 
after successful surgical removal must remain closelj’’ related to early diagnosis 
and early appreciation of the significance of symptoms. Diagnosis is confirmed 
by esophagrams and esophagoscopy to secure a biops}^ for histologic proof. 

TREATMENT 

Careoma of the esophagus was invariably fatal until Harrington' first suc¬ 
cessfully resected one such growth in 1945. Ilis patient was a woman, aged 60 
years, who had increasing dysphagia for a year. Eoentgenograms and esoph- 
agoscop.y revealed an ulcerating polypoid lesion partially obstructing the lower 
third of the esophagus. A biopsy suggested sarcoma. On June 16, 1945, 
through a left transthoracic transdiaiihragmatic incision, the lower half of the 
esophagus and cardiac end of the stomach were resected with esophagogastric 
anastomosis. She was discharged symptom-free 6 weeks after operation. The 
growth was a leiomyosarcoma. The patient was reported alive and well 7 years 
later.® Another patient described in the same paper, also a woman of 60 years, 
with a polypoid tumor involving the lower third of the esophagus and cardiac 
end of the stomach, was found to be inoperable owing to infiltration of the pul¬ 
monary vessels, left main bronchus, aorta, and pericardium. 

Sweet’s’^ patient, with a 4-month history, had a rhabdomyosarcoma resected 
in July, 1945, when a supra-aortic esophagogastric anastomosis was performed. 
The patient was an emphysematous, malnourished, arteriosclerotic woman of 78 
years wEo died from pulmonary infection and cardiac failure on the twentieth 
postoperative day. No metastases were found either at operation or at autopsy. 

Lyons and Garlock® had a success on April 10, 1946. The patient, 58 -year- 
old woman, had suffered from progressive dysphagia for a year. Roentgeno¬ 
grams showed a large, Avell-circumscribed tumor involving the middle and lower 
thirds of the esophagus and projecting into its lumen. Esophagoscopy revealed, 
at 27 cm., a globular friable mass which biopsy proved to bo a leiomyosarcoma. 
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Through a left transthoracic traiisdiaplrragmatic approach, the growtli was re¬ 
sected and an infra-aortic esophagogastric anastomosis performed. The poljTioid 
tumor measured 10 cm. by 4 cm., and had a 5 mm. pedicle. Garloek later re¬ 
ported tliat while mobilizing this sausage-shaped pedunculated tumor, it dis¬ 
appeared downward into the stomach where it was found near the pylorus. The 
temptation to remove it locally rda a gastrostomy incision was resisted, and 
wisely so, for subsequent pathologic study revealed that the growth infiltrated 
the muscular layer of the esophagus in the region of its pedicle, and could only 
have been adequatelj' removed by formal esophagogastrectomy. It is interesting 
to note that at the gastroesophageal junction were three nodules, 3 mm. in diam¬ 
eter, which proved to he benign leiom 3 'omas. Tiie patient was well 7 years later.” 

Clark’s'” patient, a man aged 43 j-eara, was admitted to hospital on Feb. 22, 
1947, had an 8-month history of dj-sphagia, with a 30 pound (13.6 Kg.) weight 
loss. Esophagrams revealed a large poij'poid mass in the upper esophagus, and 
esophagoseopy confirmed that, at 26 cm. from the upper incisor teeth, there was 
an irregular graj-ish-brown firm mass. Biopsy revealed a fibrosarcoma. Througli 
a left thoracotomj’, he had an esophagcctomj' from the eardia to the base of the 
neck where an anastomosis between the fundus of the stomach and the esophagus 
was completed. The tumor was 12 cm. long and 4 cm. wide. The patient was 
well and working one month after operation. 

Lortat-Jacob’s" initial patient, aged 67 j-ears, complaining of dj-sphagia 
for 2 months, had a fibrosarcoma 27 cm. from the incisor teeth. Through a left 
thoracotomy on April 4, 1947, the growth was resected by partial esophagectomy 
and esophagogastrostomy. He died from a transfusion reaction 3 daj’s later. 

On Jan. 3, 1948, his second patient, a man aged 53 years, with a 6-month 
history of dysphagia due to a growth at the eardia, had partial esophagectomy 
and an esophagogastric anastomosis. The growth was likewise a fibrosarcoma. 
This patient died 6 months after operation. 

The patient of Brea and associates,'” admitted to hospital on April 23, 1948, 
gave a history of progressive dj-sphagia and 10 Kg. weight loss in 10 months. 
Esophagrams showed a deformity and displacement at the lower end of the 
esophagus, and esophagoscopj' confirmed narrowing from external compression. 
Following left thoracotom.v, the lesion was found to lie in the lower esophageal 
wall as a well-circumserihed extramucosal tumor, and was enucleated through 
a muscle splitting incision. Histologically, it was a fibrosarcoma. Two and a 
half j'ears later the growth recurred, it proved resistant to radiotherapj- and the 
patient died. 

Thorek and Neiman’s” case was a male aged 43 j-ears, with a 3-month history 
of dj'sphagia and an 11 pound weight loss in 8 weeks. Esophagrams showed 
a filling defect just below the aortic arch, and esophagoseopy a neoplastic lesion 
27 cm. from the lower alveolar margin. Biopsy examination .suggested a squa¬ 
mous-cell carcinoma. Supra-aortic esophagogastrectomy was performed on Aug. 
4 1948, when a tumor measuring 3.5 by 2.5 bj’ 2.0 cm. was removed. Ilisto- 
patholog}' revealed a rhabdomyosarcoma of the esophagus. 
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Maiiro and de Escobar^® in 1951, reported oiDerating on a patient on Aug. 
8, 1948, in whom, because of difficulty in defining tlie limitis of the growth when 
the esophagus had l^een freed, a Torek-type of resection was done instead of the 
usual esophagogastrostoniy. The patient died on the eleventh ijostoperativo day 
from bi'onehoiDneumonia. 

Biasini’s"^ patient, a woman aged 49 years, on Nov. 6, 1948, had resection 
of a growth in the lower third of the esophagus. On section it proved to be a 
fibroleiomyosarcoma. 

Badosa-Gaspar and Boada,^^ on April 4, 1949, resected an ulcerative leio¬ 
myosarcoma of the middle third of the esophagus, measuring 6.5 by 4.5 cm. 
After preliminary supra-umbilieal laparotoni}' and dilatation of the eardia, they 
performed a right thoracotomy through the sixth rib bed, followed by partial 
esophagectomy' and esophagogastrostomy'. Their patient, however, died on the 
sixth postoperative da.v from congestive heart failure. 

Michaud’s^® initial patient was a man aged 75 years, who complained of 
dy'sphagia and was shown by' esophagoseopy' and fluoroscopy' to have a growth 
at the eardia. On July 23, 1949, left partial esophagogastrectomy was per- 
foi'med. No histopathologic investigation was later available. Within 6 months 
the growth recurred, it was then proved to be fibrosai’coma, and the patient died 
within 3 months. It was therefore assumed that the original lesion was a fibro¬ 
sarcoma. 

His later patient was a man aged 50 y'ears with a lower third growth suc¬ 
cessfully' resected along similar lines on Sept. 30, 1950. As examination showed 
it to be a leiomy'osarcoma, he also received a postoperative course of deep x-ray' 
therapy'. 

Ovens and Russell,^' in 1951, reported that their patient, a woman aged 
56 y'ears, was admitted to hospital with an 8-month history' of dysphagia and 
16 pound (7 Kg.) weight loss. Esophagrams revealed a constricting esophageal 
lesion at the level of the pulmonary' vessels and, on esophagoscopy', at 32 cm. 
from the incisor teeth, a carcinoma was encountered. Through a left thoracot¬ 
omy', partial esophagectomy with esophagogastxdc anastomosis was performed. 
The patient was discharged 28 day's later. 

Pathologic examination, howevei', showed the presence of two tumors, one 
a ty'pical squamous carcinoma in the middle third of the esophagus, and the 
other, separated from the first by normal esophageal mucosa, was a leiomy'osar¬ 
coma of the lower end of the esophagus at the junction of the eardio-esophageal 
mucosa. Neither extended be.yond the museularis nor were any regional ly'mph 
nodes invaded. The patient was alive and well 25 months postoperatively. 

Burnett and St. John’s^® ease, called by them a melanosareoma, is cleai'ly' a 
true melanoma, and is excluded from this survey of sarcomas. 

Eesano and Hojman V** patient, a man aged 50 y'ears, in 1951 gave a month’s 
history' of dysphagia. A vegetating growth at 20 cm. from the incisor teeth Avas 
shoAvn to be a leiomy'osarcoma. The gxwth Avas successfully resected from the 
cervical esophagus by the Wookey technique. 
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Goibon'“ (1953) lepoited a man aged G5 Tears, TMth a growth iiifiltiating 
the lowei esophagus and oaidia, who had suecessfnl tieatmeiit bj partial osoph 
agogastrectomj with esophagojejiinostomj on June 30, 1952 lie was discharged 
well 18 dajs later On histologic examination, the giowth pioied to be a fibio 
sal eoma 

Cieecli-^ and associates lepoitcd that a 62}eai old Negro, with a 3 month 
liistoi'j of dTspliagia, letiosteiiial and epigastric pain, with xiay eiidence of a 
polsTioid tumoi of the lowei half oi the esophagus, was shown at esophagoscopi 
to haxe a pedunculated Iciomjosaieoma On June 28, 1954, he had thoiacotoniv 
thiougli the light fouith iiiteioostal space Tlieic was a ficeh nioiable sausage 
shaped mass within the middle thud of the esophagus The esophagus was 
mobilized fiom the azjgos \ein to the diaphiagmatic hiatus, the stomach fieed 
through a midline abdominal incision, pjloiomiotonij peifoinied and esophagec 
tomj and esophagogastiostomj He was dischaigcd on tlie fouiteenth post 
operatiie dai, lequiied dilatation of a stiictuic 2 months htoi, and tliereaftei 
lemained well 

DeMuth" (1956) lepoittd icsecting the second ihabdomyosarcoma in world 
liteiaturo in a Negio aged 54 leais The patient gate a 5 week histoij of dif 
fieultj in swallowing solid foods accompanied bj the loss of appioximatelj 40 
pounds 111 weight Esophagrams and esophagoscopi leiealed a growth 35 cm 
fioiii the maxillaii boidei and histologic examination proved it to be a rhabdo 
miosaicoma On JuK 7, 1955, in a left thoiacotoniv, paitial csophageetomj 
with esophagogastiie anastomosis was perfoimed He was discharged on the 
nineteenth postopeiatne dai 

With the following case lepoit, tlieiefoie, nineteen esophageal sarcomas 
tieated suigieallT wcie aiailablo foi studs Thej included 7 fibiosaieomas, 7 
leiomj osarcomas, 3 i liabdomj osai comas, one fibi olcionij osareoma, and one de 
scribed as “saicoma pobnioiphocellulai ” 

C \SE BEPOKT 

J P D, nged 63 jcirs, 'idmittcd to Green Lane Hospital, Auckland, on Mai 17, 
1951, for surgical treatment of an hmtal hernia, which esophagrams had shown to extend 
approximate!} 5 cm above the diaphragm (Pig 1) Lsophagoscopj confirmed reflux but 
showed no other legion 

Transthoracic hiatal herniorrhaph} was performed on Maj 23, 1951 The edges of the 
)natus were defined and tlie liernial orifice found to tal e three fingers alongside the esophagn® 
The wall of the stomach and lower esophagus was palpated, but there was no suggc'stion of 
any tumor His convalescence was smooth Esophagrams on June 11, 1951, in both the erect 
and head down positions confirmed a normal esophagus and a 'latisfactor} hiatal repair, and 
the patient was discharged fit on June 12, 3051 

^^heIl seen for the first time bx the wliter on Tin IS, 19o2, during a routine follow up 
oxainination, he was snnrtomless, although an csophagram was suggestive of neoplasm (Pig 
2) ^\ltlnn 6 wecl'* lie deiolopod disphagia, xxhich tool the form of a sharp pain behind 
the lower end of tho sternum on swallowang Esophagrams on March 26, 10o2, rcxoilcd a 
constant, largo nrtgular filling defect lying in the lower third of the csoiihagus Tho barium 
flowed unobstructed and in a thm stream oxer the surface of the miss, suggesting the pres 
ciice of a single pohpoid tumor (Iig 3) 

The esophagus w is next fulh molulizcd up to tin. level of tho inferior pulmonarx xeui 
It was transected well above the growth, and the specimen was i 
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He was readmitted to hospital on April 1, 1952. An esophagoscope passed easilv into 
the stomach and, as the instrument was withdrawn to 40 cm. from the upper jaw, the smooth 
surface of the growth was clearly seen on the posterior esophageal wall. The growth A\as 
estimated to measure 2.5 by 2.0 cm. When a biopsy was taken, the lesion bled freely. Initial 
histologic examination suggested an anaplastic carcinoma. 

Operation .—On April 9, 1952, transthoracic partial esophagogastrectomy was performed 
by the writer. The technical details follow. 

The left chest was opened through the left ninth intercostal space. Adhesions between 
the base of the left lung and dome of the diaphragm from the previous operation were di-idded, 
as was the left pulmonary ligament. The parietal pleura from over the aorta beside the 
lower third of the esophagus was mobilized, reflected medially, the lower third of the esoph¬ 
agus was isolated, and a catheter sling passed around it. 

The abdomen was next opened through a radial diaphiagmatic incision. ISTo palpable 
metastases were detected in the liver, stomach, pelvis, or regional lymph nodes. The growth 
could be felt lying in the lumen of the lower third of the esophagus. It was decided to per¬ 
form a block resection of the lesion as de.seribed by Allison and the writer.23 



Fig. 1.—Esophagram of May 22, 1951, show’ing an hiatal hernia. 

An incision w'as made to the left of the spleen in the plane of zygosis between spleen 
and body of pancreas on the one hand, and dorsal abdominal wall on the other side. The 
stomach bed was next mobilized medially. The great omentum was divided from the trans¬ 
verse colon. The collar of diaphragm was taken from around a tightly repaired hiatus. The 
splenic artery and vein were divided, and the pancreas transected at the junction of neck 
and body. The stump was buried in residual soft tissue. The left gastric artery was next 
ligated and divided. The stomach was obliquely transected from the greater curvature down 
to the lesser curvature, thereby removing the proximal half of stomach and the Ijmiphatic 
sump around the left gastric artery. The lower half of the stomach was completely closed 
with two layers of continuous chromic catgut sutures. 




tiu 2 Fip 3 

Hg .—EsoplmsT'itn of Jan 23 19^2 neoplasm In tlie lower third of the 

tsophagim 

Flp 3 —I sopliflffjani of Mnich 26 1932 showing i constant large Irregular filling (1efc< I 
In tlie lower thlnl of tlit c«opha^uv 



Pic 4_Esonhagram on May 6 1962—27 da>s after operation—showing Intrathornclc caoph 

agogastrostoni} 
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Tlirougli a seventh intercostal space incision, a two-layer subaortic anastomosis was made 
between the distal half of the stomach and midesophagus, using interrupted chromic catgut 
sutures. Some omental tissue ^\as Ughtly sutured around the anastomosis. The diapliragm 
was loosely appioximated around tlie stomach, and the remaining diaphragmatic tissue was 
closed with interrupted sutures. The left lung was inflated and the chest closed in layers 
over water-seal drainage. 



Fig. 5.—Specimen consisting of the lower third of the esophagus and pol 3 rpoid tumor 
(lying on the rule) together v.ith the proximal half of the stomach, stomach bed, spleen, 
omenta, and left half of pancreas. 

Progress .—The patient’s convalescence was uneventful. He took sips of water by mouth 
after 24 hours, 1 ounce of water per hour on the second day, he doubled this diet on the 
third day, and took fluid drinks until the tenth day. Thereafter, he took a light diet, pro¬ 
gressed to solid food, and esophagrams made on May 6 .showed a satisfactory esophago 
gastric junction. He w-as discharged fit on klay 7, 1952, 28 da3's after operation. 

Follow-tip (Courtesy Mr. David Cole).—On May 10, 1957, altliough thin, he was well, 
had no pain, no dyspliagia, no flatulence, nor regurgitation. Tliere were no clinical signs 
of recurrence. Eecent esopliagrams show-ed that the anastomosis function satisfactorilj', and 
there was no delay to the passage of thick or thin barium. On May 7, 1958, 6 years after 
operation, he lemained well. 

Pathology (Courtesy Dr. Stephen Williams).—(Pig. 5) The specimen consists of the 
lower one third of the esophagus (8 cm. in length), the stomach, the spleen, the left half of 
the pancreas, and the omentum. A fringe of diaphragm is attached to the specimen at llie 
cardio esophageal junction, showing a healed, repaired hiatus. Situated in the esophagus there 
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is a somewhat pedunculated oval tumor, measuring 4.0 by 2.S by 2.0 cm., attached by a broad 
base to the posterolateral Avail of the esophagus. The upper line of excision in tlie esophagus 
is 3.0 cm. from the upper pole of the tumor. The tumor is a firm, finely lobulatcd, grajnsh 
mass showing some superficial ulceration and exudation. No enlarged lympli nodes are found 
in the specimen, but seA’cral .small nodes lying in the paraesophageal mediastinal tissues arc 
revealed h}* section. There is no CA’idenco of nietastic involvement. 



Fig-, g.—Photomicrograph (low power) of the lesion, confirming fibrosarcoma. 


Uistology. —(Fig. 6) Blochs Averc taken from the tumor, from two representative lymph 
nodes, and from the esophagus at the upper line of excision. These show the tumor to be a 
moderately AAell-diffcrentiated fibrosarcoma composed of irregular spindle-shaped cells, ar¬ 
ranged in sheets lying in diffeicnt planes. The nuclei sUoav considcralfic variation of size 
and shape and include numerous mitoses. Tlie surface layers of the tumors are necrotic and 
acutely inflamed. A Van Gieson stain confirms the fibrous nature of the tumor, aaIiIcIi in¬ 
filtrates the esophageal nail, penetrating the muscularis mucosa, but not involving tlie mu.s- 
cle layers. In tlie subimicosa, the tumor tissue becomes continuous Avith an abnormal de¬ 
velopment of dense fibrous tis.sue, presumably scar tis^iue from previous ulceration. 

The esophagus at the line of excision and both lymph nodes show.no evidence of malig¬ 
nant infiltration. 

The diagnosis tliereforc is a fibrosarcoma of the esophagus 
dense submucous scar tissue. Tliorc is no evidence of local meta ' 













424 


BOERIE 


J. Tlioracic Surg. 
April, 1959 


DISCUSSION 

In the writer’s experience, dysphagia after hiatal herniorrhaphy is not nn- 
cominon. It is nsnally acute in onset, arising within a month of operation, and 
almost always due to a bolus of poorly chewed food plugging the esophageal lu¬ 
men at the level of the tightened hiatal orifice. Occasionally, it has been due to 
a fibrous esophageal stricture developing secondarily to the preoperative reflux 
esophagitis. 

The delay in onset of postoperative dysphagia, in this case report, for 8 
months after successful hiatal herniorrhaphy is long for such benign causes. It 
underlines again the fundamental surgical principle that dysphagia, no matter 
when it arises, be it an initial symptom or one after a successful esophageal oper¬ 
ation, cannot be ignored, and that the patient requires prompt, careful, and 
complete investigation b}' both esophagi’ams and esophagoscopy to establish the 
cause. The one without the other tells only half the story. As the evidence of 
the esophagrams of Januarj'-, 1952, was not fully appreciated and, as at that time 
there was no dysphagia, esophagoscopy was delayed 2 months until the patient’s 
next visit, by which time dysphagia had been present for one month. Had the 
suggestion of abeiTation in the Januaiy esophagrams been followed up and 
esophagoseopj^ perfoimied, the lesion Avould almost certainly have been de¬ 
tected then. 

An analysis of the 19 published surgical cases, found after a thorough re¬ 
view of the world’s literature, shows that the ages varied from 43 to 78, with a 
mean of 58 years. When grouped according to decades, the ages at operation 
wei’e: 40-49, 4 eases; 50-59, 6 cases; 60-69, 7 cases; and 70-79, 2 cases. Of these, 
5 Avere in females and 14 in males. 

The duration of dysphagia varied considerably from one month in the Avrit- 
er’s patient, up to 1% years as reported by Gorbon. Certainly, critical study of 
those patients huAung operation does not support the contention of Thorek and 
Neiman that sufferers from esophageal sarcoma rarely live beyond 6 months. 
Harrington’s patient, Avith a year of dysphagia, Avas reported Avell 7 years later. 
Lyons and Garlock’s patient, alive and aa'cII 7 years after resection of a polypoid 
groAyth, also had preoperatiA'e dysphagia for a year, as did 2 other patients 
treated surgicalfy.^®’ 

The pathologic type of the groAvth need not be a guide to prognosis for, 
although in the Avriter’s case there Avas no deep extension from the pedicle of 
the poljqioid sarcoma into the esophageal aauII, Harrington reported one, poly¬ 
poid in type, Avhich had infiltrated Avidely into the mediastinum Avhen explored. 

The site of those lesions treated surgically has varied Avidely, from one in 
the upper third of the esophagus, one in both upper and middle thirds, six in 
the middle third alone, to eleven in the lower third. Wlien present, the x-ray 
finding of brealdng up or “splitting up” of the barium by the groAvth is a cliarac- 
teristic x-ray feature, as is a peculiar soap-bubble effect, originally described by 
Allison.^'*’ Esophagoscopy and biopsy usually establish the tiue nature of the 
lesion. 
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Lower third gro^rths are best treated by the left-sided transthoracic ap¬ 
proach with resection and esophagogastrostomy. 

Middle and upper third growths may be treated either by the right or left 
transthoi’acio approach, according to the surgeon’s preference. As with car¬ 
cinomas, there is an increased operative mortality w'itli these higher lesions. 

The patient reported by the writer had block dissection of the regional 
lymph channels by tbe teebnique previously described.-® although no regional 
lymph nodal invasion was detected at subsequent pathologic examination, never¬ 
theless the initial satisfactory convalescence and pleasing long-term freedom 
from recurrence or metastascs do lend support to the attitude that in treating 
neoplasms in the lower third of the esophagus, a deliberate block dissection 
should be the proper approach to the problem. 

The details of pre- and postopei-ative management follow general lines estab¬ 
lished for resection of the esophagus for carcinoma.“ 

Four patients died from the effects of operation. As complete long-term 
follow-up reports of all the remaining 15 eases are not available, it is not pos¬ 
sible to generalize on prognosis after operation. 

SufRee it to say that, if the patient is otherwise healthy, the lesion localized, 
and the surgical treatment adequate, the prognosis appears to be good, and that 
at least 3 patients have now lived more than 6 years after such treatment. 

SUMJURY AND CONCLUSIONS 

The literature for surgical treatment of sarcoma of the esophagus is briefl.v 
reviewed, and a ease of polj-poid fibrosarcoma of the lower third of the esopha¬ 
gus, discovered 8 months after transthoracic repair of an hiatal hernia and one 
month after onset of dj’sphagia, is reported. The patient was treated by par¬ 
tial esophagogastreetomy with esophagogastrostomy and block dissection of the 
regional Ijunph nodes. He is alive and well 6 years later. 

From an extensive search of the literature, 19 resections for sarcoma of the 
esophagus were discovered, of which this is chronologically the sixteenth in 
which surgical treatment was used. 

The evidence available suggests that the lesion was not present at tlio time 
of the hiatal herniorrhaphy. Its diseovciy 8 months later emphasizes that eso¬ 
phageal tumors—often s.vmptomless—can and do occur in association with an 
hiatal hernia, that all patients with hiatal hernias should have a preoperative 
esophagoseopy, and that recurrence of dysphagia after apparently successful 
hiatal herniorrhaphy should not be ignored but be promptly, carefully, and re¬ 
peatedly checked by esophagoseopy as well as csophagrams. 

Sarcoma of the esophagus, although rare, should be borne in mind and, if 
detected early enough and of polypoidal type, it is amenable to successful resec¬ 
tion, with an excellent prognosis. 

ADDENDUM 

The patient remains well G j’ears and 9 months after operation. 
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DISCUSSION 

In the writer’s experience, dysphagia after hiatal herniorrhaphy is not un¬ 
common. It is usually acute in onset, arising within a month of operation, and 
almost always due to a bolus of poorl}’- chewed food plugging the esophageal lu¬ 
men at the level of the tightened hiatal orifice. Occasionally, it has been due to 
a fibrous esophageal stricture developing secondarily to the preoperative reflux 
esophagitis. 

The delay in onset of postoperative dj'^sphagia, in this case report, for 8 
months after successful hiatal herniorrhaphy is long for such benign causes. It 
underlines again the fundamental surgical principle that dysphagia, no matter 
when it arises, be it an initial sjnnptom or one after a successful esophageal oper¬ 
ation, cannot be ignored, and that the patient requires prompt, careful, and 
complete investigation by both esophagrams and esopliagoscopy to establish the 
cause. The one without the other tells onlj’- half the stoiy. As the evidence of 
the esophagrams of January, 1952, was not fully appreciated and, as at that time 
there was no dysphagia, esophagoscopy was delayed 2 months until the patient’s 
next visit, by which time dj^sphagia had been present for one month. Had the 
suggestion of abeiTation in the Januaiy esophagrams been followed up and 
esophagoscopy performed, the lesion would almost ceidainly have been de¬ 
tected then. 

An analysis of the 19 published surgical cases, found after a thorough re¬ 
view of the world’s literature, shows that the ages varied from 43 to 78, with a 
mean of 58 years. Wlien grouped according to decades, the ages at operation 
were; 40-49, 4 cases; 50-59, 6 cases; 60-69, 7 cases; and 70-79, 2 cases. Of these, 
5 were in females and 14 in males. 

The duration of dysphagia varied considerably from one month in the writ¬ 
er’s patient, up to 1% years as reported by Goi'bon. Certainly, critical study of 
those patients having operation does not support the contention of Thorek and 
Neiman that sufferers from esophageal sarcoma rarely live beyond 6 months. 
Harrington’s patient, with a year of dysphagia, was reported well 7 years later. 
Lyons and Garlock’s patient, alive and well 7 years after resection of a poljqioid 
growth, also had preoperative dysphagia for a year, as did 2 other patients 
treated surgically.^®’ 

The pathologic type of the growth need not be a guide to prognosis for, 
although in the waiter’s ease there was no deep extension from the pedicle of 
the polypoid sarcoma into the esophageal wall, Harrington reported one, poly¬ 
poid in type, which had infiltrated widely into the mediastinum when explored. 

The site of those lesions treated surgically has varied widelj', from one in 
the upper third of the esophagus, one in both upper and middle thirds, six m 
the middle third alone, to eleven in the lower third. Wlien present, the x-ray 
finding of breaking up or “splitting up” of the barium by the growth is a charac¬ 
teristic x-ray feature, as is a peculiar soap-bubble effect, originally described by 
Allison.®"*’ Esophagoscopy and biopsy usually establish the tme nature of the 
lesion. 
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Lower third gro\vths are best treated by tho left-sided transthoracic ap¬ 
proach witli resection and esophagogastrostomy. 

Jliddie and upper third growtiis may be treated either hy tlic rigid or ieft 
transtiioracic approach, according to the surgeon^s preference. As witii car¬ 
cinomas, there is an increased operative moidaiity with these iiigiicr iesions. 

The patient reported hy the writer had block dissection of tlie regional 
lymph channels by the teelmiquc previously described.^’ although no regional 
lymph nodal invasion was detected at subserpient pathologic e.^amination, never¬ 
theless the initial satisfactory convalcseonee and plea.sing long-term freedom 
from recurrence or metastases do lend support to the attitude that in treating 
neoplasms in the lower third of tho esophagus, a deliberate block dissection 
should be the proper approach to the problem 

The details of pre- and postoperative management follow general lines estab¬ 
lished for resection of the esophagus for eareinoma,-'’ 

Pour patients died from the effects of operation. As complete long-tenn 
follow-up reports of all the remaining 15 cases are not available, it is not pos¬ 
sible to generalise on progno.sis after operation. 

Suffice it to say that, if the patient is othenvise healthy, the lesion localized, 
and the surgical treatment adequate, the prognosis appears to bo good, and that 
at least 3 patients have now lived more than 6 years after such treatment. 

SUiMJIARV AND CONCLUSIONS 

The literature for surgical treatment of sarcoma of the esophagus is briefly 
reviewed, and a case of poljqDoid fibrosarcoma of the lower third of the esopha¬ 
gus, discovered 8 months after transthoracic repair of an hiatal hernia and one 
month after onset of dysphagia, is reported. The patient was treated by par¬ 
tial esophagogastrcctom.y with esophagogastrostomy and block dissection of the 
regional lymph nodes. lie is alive and well 6 years later. 

From an extensive search of the literature, 19 resections for sarcoma of the 
esophagus were discovered, of which this is chronologically the si.xteonth in 
which surgical treatment was u.sed. 

The evidence available suggests that the lesion was not present at tho time 
of the hiatal herniorrhaphy. Its discoveiy 8 months later emphasizes that eso¬ 
phageal tumors—often symptoraless—can and do occur in association with an 
hiatal hernia, that all patients with hiatal hernias should have a preoperative 
esophagoscopy, and that reenrrenee of d.vsphagia after apparently successful 
hiatal herniorrhaphy should not be ignored hut be promptly, carefully, and re¬ 
peatedly cheeked by esophagoscopy as well as esophagrams. 

Sarcoma of the esophagus, although rare, should ho borne in mind and, if 
detected early enough and of polj-poidal type, it is amenable to suceessfid resec¬ 
tion, with an excellent prognosis. 

addendum 

The patient remains well 0 years and 9 months after operation. 
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EPIDERMOID CARCINOMA IN MUCOSA OVERLYING 
A PEDUNCULATED LIPOMA OF THE ESOPHAGUS 

Raul A Alaiaal-Rojas, At D * and Pedto Snau At D ,** 

San Juan, Puerto Rico 


T he subject of benign tninois of the csopliagus is lapidly clispnssed in most 
textbooks of patliologj, mcdieme, gastroenteiologi and bioiichijcsophagologi 
The deseiiptioiis aie iisuallv limited to a feu sentences, aluats emphasizing 
then infreqiienej, and nsiialh eiiiiineiatiiig the seieral histologic t\pcs uhieh 
ha\o been spoiadiealh leported in the liteiatiiie I pon a caiijfiil io\ieu of 
the liteiatnre. one is impiossed with the repetition of the statement that benign 
neoplasms are extiemoh laie, theie aie feu lecoided eases, thn^ thev dcsone 
veiy biief mention In 1926, Vinson and his couoikers’ mentioned the oe 
euirenoo of only thieo benign esophageal tnmois among appioximatch 4,000 
patients complaining of djspliagia Piacticalh all publications deal with in 
dmdiial case leports^In 1932 Patteison” picsciited one case and lOMOued 
the liteiatuie He uas able to find 61 instances of benign tiimois ot the esopha 
giis in a period of time extending fioni 1717 to 1932 He mentioned onh tuo 
lipomas 


In 1953, .Stout and his colleagues” classified 103 benign Illinois of the 
esophagus as intialuminal and iiitiamuial The foimei could be sessile oi 
pohpoid and the lattei solid oi cjstic Most of the poljpoid tuniois ueie con 
sideied bv them to be fibrous polyps secoitdaiy to hjpeiplasia of the sub 
epithelial tissues and to assume their pedunculated stiiictuie aided by the action 
of peristalsis Some of the polypoid tumors ucie also lipomas, fibrolipomas, 
and even leiomyomas The immense majorib of the intiamiiial tiimois ueie 
leiomj omas 


Malignant degeiieiation of a benign esophageal tumoi is so iiifi eqiieiit as to 
almost constitute a pathologic ouiiositT Teldman” repoitcd an adenocaieinoma 
appaienth aiising in an adenomatous polyp of the esophagus Stout and 
Lattes” lefuso to accept this ease as ralid in vieu of the fact that only a small 
biopsy uas peitoimed We aie of the same opinion Probably the most fie- 
quent example ot malignant degeneiation of a benign esophageal tumoi is ex¬ 
emplified by leiom\uma It constitutes the most fiequcntly eiicounteied benign 
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tumor of the esophagus and it is possible that some of the leiomyosarcomas may 
have arisen from previously existent leiomyomas. One of these cases is sug¬ 
gested by Puestow and co-workers.’- It was a polypoid leiomyosarcoma, and 
he assumed from the clinical history of long symptomatology that it developed 
fi’om a pre-existent leiomyoma. 

The simultaneous occurrence of benign and malignant tumors of the 
esophagus is rare.’” The invasion of a fibrous pol\T9 hr an epithelioma is 
i-eeorded by Targett.-" Sehirmer-’ olrserved an ulcerating carcinoma in close 
proximity to a pedunculated lipoma near the cardiac end of the esophagus. 
Callanan-- reported, in 1954, the simultaneous occurrence of a small intramural 
leiom.yoma and an 05’erlying .squamou.s-eell carcinoma, lie claimed it consti¬ 
tuted the first ease of this simultaneous occurrence reported in the litei-ature. 
Puestow’- in 1955 reported a similar case of squamous-eell carcinoma of the 
esophagus with an iinderlying .small intramural leiomyoma. An example of 
an epidermoid eai-einoma of the mucosa overl.ying a pedunculated fibrous pol.vp 
is shown by Stout"’ in his fascicle on e.sophageal tiimors. 

The purpose of this communication is to report on an instance of a 
pedunculated esophageal lipoma with an epidermoid carcinoma of the over- 
lying esophageal mucosa. This apparentl.v constitutes the fifth instance in the 
literature of associated benign and malignant tumors of the esophagus and the 
second one of a pedunculated lipoma and epidermoid cancer. 

CASE REPORT 

A 63-j'ear-old white man who liad been complaining of a sore throat and sliglit pain 
in the left side of the neck for the previous 5 montlis was admitted to the Pre.sbyterian 
Hospital for laryngoscopic examination on Alay 8, 19.57. He had visited a phy.sician on 
several occasions during that period of time. Pathologic changes wliich could e.vplain the 
sore throat and the cervical pain were never encountered until his last visit when a nontender, 
movable mass, 4 cm. in main diameter, was found in the left side of the neck. 

The laryngoscopic and nasopharyngoscopic examinations were negative. A .slightl.v sus¬ 
picious lesion in the left side of the base of the tongue was biopsied. The pathologic ex¬ 
amination failed to disclose the presence of neoplasia. A clie.st film was negative. 

On May 22, he had an excisional biopsy of the cervical mass. A frozen section revealed 
metastatic epidermoid carcinoma in a cervical lymph node. When the patient was recovering 
from the anesthesia he coughed and a large pedunculated mass jirotruded from the left angle 
of the mouth. It showed an ulcerated lesion on its mo.-t distal portion. Before anything 
could be done the patient swallowed the mass again. 

A barium meal was given to the jiatient on May 2.9 which disclosed a markedly dilated 
esophagus occupied by a pjwiform mass (Pig. 1). The distal portions of the mass weie 
encountered at the level of the cardioesophageal junction. An esophagoscopic examination 
was performed and the bulk of the tumor was encountered in the distal third with the pedicle 
attached to the cervical esophagus. 

On June 8, a cervical esophagotomy was performed and the polyp was excised at ds 
junction viitli the cervical esophagus. A frozen section showed the epidermoid carcinoma on 
the surface of the lipoma at its distal portion. A left radical neck dissection was also 
performed. 
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Fig" 1—Bnrlum swallow ilisclosing- the marked dilatation of the esophagu'* b> the pol>poicl 
tumor The lowermost portion of the tumor rests on the car hoesoplngcal Junction 



Fifr 2—Tlie poljpold lipoma with the ulceritcl epidermoid carcinoma In the o\erl>lti 4 , 
muco'ia Vote the smaller lipoma attache 1 to the same pedicle 

I-iff i —The bisected lipoma showing- the ulcerated carcinoma inflltratlng the most 
superficial portions 
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Fig'. 7.—^Mot.-istatic epillermolfl carcinoma in the only affected cervical l.\rnph^ode (licma- 
tosylin and eoMn: X3C0). 
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The tumoi metastasized piecocioiish to one cervical Ij-mph node and leoniied 
at the site of lemoial of the pedicle in the ceivieal esophagus As multiple 
sections of the lipoma thiough tlic pedicle tailed to disclose caieinoma ne must 
postulate Mith leasonable ceitainti that, nhen the pedicle uas ligated at the 
ceiMcal esophagus, a tumoi embolus must have been caught in transit to the 
ceivical Ijmph nodes and was letained theie bj the sutuie 

The case also emphasizes the fact that no mattei how minimal is the svmp 
tomatologj' lefeiablo to the esophagus in a ease of metastatic carcinoma to 
cervical Ijmph nodes of unknown! oiigin, a baiiiim swallow and even an 
csophagoscopv should be done as pait of tlie loutine pioceduie to detect the 
concealed lesion 


SUVIVIARV 

1 A lev lew on the subject of benign tumois ot the esophagus with paiticu 
lai interest in the simultaneous occuiience of benign and malignant lesions 
has been piesciited 

2 The case represents tlie fiftli instance of this simultaneous oecurieiico of 
benign and malignant tumois of the esophagus and the second one of a 
pedunculated lipoma and an epidciinoid caicinoma 

Tlio authors arc most grateful to Dr Jo^e iNo>a Benitez, Professor of Surgerj of the 
Uni^ersitj of Puerto Rico itedical School, and to Dr Jose Pico, Professor of Otorlnnolar 
\ngologj of tho same institution, for their valuable help and ndvicc in the manngomcrit of 
this case 
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Pathologic Findings .— 

Gross description; Tlio polypoid mass measured 11 hy 3.5 cm. and was covered for tiie 
most part by normal esopliageal mucosa (Pig. 2). A smaller but similar mass was attached 
to its pedicle and measured 3 by 1.5 cm. On cut surface, both the large and small polj’poid 
masses were composed of yellowish adipose tissue with minimal aicas of fibrosis (Fig. 3). 
The esophageal mucosa covered both pedunculated lipomas except for an ulceration on tlie 
distal and anterior portions of the larger one. This ulcer measured 2.5 by 1.5 cm. and beneath 
it the subepithelial tissues were infiltrated by grayish-white neoplastic tissue for a distance 
of 2 mm. The contents of the radical neck dissection were carefully studied and 28 Ijunph 
nodes were recovered. None of them showed metastatic carcinoma. 

Microscopic description: The polypoid tumors were pedunculated lipomas with some 
areas of fibrosis (Pig. 4). The ulcerated lesion was an epidermoid carcinoma, grade 2, which 
infiltrated the subepithelial tissues and the substance of the lipoma (Pigs. 5 and 6). The 
lino of resection at the pedicle was free of tumor. It is of interest to note that none of tlie 
cervical Ij’mph nodes showed metastatic tumor. Apparently the only Ijunph node affected 
was the one removed for biopsy (Pig. 7). 



Fig. 8.—Barium swallow shows tlie area of stenosis at the cervical esophagus due to peisistent 

carcinoma. 

The patient recovered very nicely from the surgical procedure except for a small sali¬ 
vary fistula that healed spontaneous!}'. Pour months after the operation he was re-admitted 
to the hospital because of progressive dysphagia and sialorrhea. A barium swallow disclosed 
an area of stenosis at the site where the polypoid mass had been removed from the cervical 
esophagus (Fig- 8). The possibility of scarring and stenosis was considered. A biops} fiom 
that area revealed an epidermoid carcinoma of similar histology as that found on the pedun 
oulated lipoma. The patient was submitted to radiotherapy. A gastrostomy had to be per 
formed as the disease progressed rapidly and became uncontrollable. The last time that the 
patient was seen he was deteriorating rapidly and showed obvious clinical evidence of per 
sistent disease. 

DISCUSSION 

This is a most unusual case of the simultaneous occurrence of a benign 
and a malignant tumor of the esophagus. An infiltrating epidermoid carcinoma 
developed in the mucosa overlying a pedunculated lipoma of the esophagus. 
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Tlio tumoi metastasized piecocioiish to one cervical IjTnpli node and lecuired 
at tile site of lemoval of the pedicle in the ceivical esophagus As multiple 
sections of the lipoma through the pedicle failed to disclose caicmoma we must 
postulate with leasonable ceitaintv that, when the pedicle was ligated at the 
ceivueal esophagus, a tumor embolus must have been caught in tiaiisit to the 
ceivical hmph nodes and was letained theie In the siitiiie 

Tlie case also emphasizes the fact that no mattei how minimal is the sv mp 
tomatology lefeiable to the esophagus in a ease of metastatic carcinoma to 
ceivical Ivmph nodes of uiilviiovvn origin, a baiiiim swallow and even an 
esophagoscopv should be done as pait of the loiitiiie procediiie to detect the 
concealed lesion 


SnilMARi 

1 A lev lew on the subject of benign tumois ot the esophagus with paiticu 
lai mteiest in the simultaneous oceiiricncc of benign and malignant lesions 
has been presented 

2 The case lepieseiits the fifth msfaiice of this simultaneous occimeiice ot 
hoiiign and malignant tumois of the esophagus and the second one of a 
pedunculated lipoma and an epideimoid caicmoma 

The authors nre most grateful to Dr Jose Noja Benitez, Professor of Surgerj of tho 
Unnersitj of Puerto Kico Hedical School, and to Dr Jose Picd, Professor of Otorhinoliir 
%ngology of the same institution, for their valuable help and aclMce in the management of 
this case 
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"AIR PLOMBAGE” WITH RESECTION FOR PULMONARY 
TUBERCULOSIS: A TECHNIQUE FOR DECREASING 
COMPLICATIONS 

James ]V. Pale, M.D., Felix A. Hughes, Jr., /II D, Roger E. Camphell, M.D., 
and John Al, Reisser, Al.D,, Aiemphis, Tenn. 

T he complication rate following pulmonary resection for tuberculosis is 
disturbingly higb, although the mortality is low (about 0.5 per cent). In 
an attempt to find a practical method of lowering the complication rate, 61 
upper lobe pulmonary resections for tuberculosis with concomitant “air 
plombage’’ were performed and this group is contrasted with a series of 313 
consecutive upper lobe resections for tuberculosis not accompanied by any 
collapse procedure. 

Numerous different techniques have been tried in an attempt to prevent 
complications after pulmonary resections. In 1953, Chamberlain’ mentioned 
the use of “extraperiostcal plombage of the patient’s subscapular collection of 
blood’’ in a few segmental resections. Since then, we have used a similar 
technique, which wo call “air plombage’’ in some of our eases. A search of 
the literatui’e has failed to reveal an evaluation of this procedure. 

TECHNIQUE 

Distribution of the two groups is shomi in Tables I and II. 

After the pulmonary resection is completed and the intrapleural tubes 
are in place, the pleura and intercostal muscles and fascia arc closed in the 
routine manner. An estimate is made, before closing, of the amount of lung 
tissue removed, the location and shape of the remaining lung and the degree 
of pleural filling which the lung will easily assume without overexpansion. If 
the remaining lung does not fill the pleural space with case, or if large raw 
surfaces remain in a plane which cannot easily contact the chest wall, or if 
there is an excessive air leak from the parenchyma, the decision to do an air 
plombage is made. Portions of the first, second, third, and usually the fourth 
ribs are stripped subperiosteally, leaving attached periosteum on their outer 
surfaces. The size, shape, and location of the resultant pocket is made to fill 

From the Thoracic Surgery Section. Surgical Ser\ice, Veterans Administration Medical 
Teaching Group Hospital, Memphis 15, Tenn 
Received for publication July 29, 1958. 
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the defect left by the pulmonaiy resection. The pleura, periosteiun, and in¬ 
tercostal muscles and facia drop in to contact tlie resected surface of tlie lung. 
No drainage of this space is done. The chest wall is then closed in anatomic 
layers. 

After surgery, the air pocket will slowly fill with blood and fibrin. It M-ill 
decrease in size as the lung heals and the pleura will be pushed up by the c.x- 
panding lung until little if any evidence of the plombage remains (Figs. 1 
and 2). 


T.ivbi:,e I 



WJTHOUT 
.VIE PLOMB.VGE 

vriTii j 

AIR PLO.MBAGE I 

TOTAL 

Lobectomy 

116 

32 

148 

Segmental 

123 

22 

145 

tVedge 

74 

7 

81 

Total 

313 

61 

374 


Table II 


1 

SEGMENTS j 

REMOVED 1 

WITHOUT 

AIR PLOMBAGE 

PER CENT 

[ WITH 

.AIR PLOMBAGE 

PER CENT 

1 TOTAL 

PER 

1 CENT 

Apical 

13..9 

3.3 

17.2 

Apicoposterior 

26.0 

4.2 

30.2 

Lobectomy 

36.8 

5.3 

42.1 

Posterior 

4.7 

0..9 

5.6 

Apicoposterior and superior 

3.9 

0.3 

4.2 

Total 

85.3 

14.0 



RESULTS 

A comparison of the complication irntes in the two series is presented in 
Table III. There was only one death (0.3 per cent) in the entire group, and 
that due to myocardial infarction. 


T.,iBLE III. ColIPLICATIOXS 


1 


OPER.ATION 




LOBE 

j SEGMENT j 

WEDGE j 

i TOTAL 

Without Air Flomhage 

E'umber of cases 116 123 

74 

313 

jSTumber of complications 

24 

28 

8 

60 

% Complications 

20.7 

22.8 

10.8 

19.3 

Humber of cases 

With Air 

32 

Flom'bage 

22 

7 

61 

1 

1.6 

Humber of complications 

1 

0 

0 

% Complications 

3 

0 

0 


The complication rates were higli, but this is due to the fact that (1) 
only iipper lobe surgery is analyzed here (the rate for middle and lower lobe 
resections is lower), (2) all complications ai’e included (“residual air space of 
more than 2 weelvs' duration is considered to be proof of a bronchopleural 
fistula), (3) only 30.8 per cent of the patients were original treatment eases, (4) 
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Fie- 2.— A, X-ray of chest one day after a right upper lobectomy and a ^‘1 

ilombage. The dotted line shows tlie edge of the plombage space. -B, X-ray of the s 
atient 3 months later. 
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70 poi cent of the patients Iiad open caiitics resected (tlieie weie few “nub¬ 
bins” lemoved), (5) 17 2 pei cent of the patients had had pienoiis major 
chest suigerj, and (6) 76 3 per cent gave positive sputa within 3 months 
pi 101 to suigeij 

The complication lato was quite ditfcient in the two series The diffeiente 
between a total complication lato of 19 3 pei cent and a late of 1 6 pei cent 
IS statistically significant and clinienllv impiessive The statistical compaiison 
IS fiuthei emphasized by the numbci of postxcsection thoracoplasties lequiied 
to deal with fistulas, empyema, etc 

Forty one (13 pei cent) of the patients with lesections unaccompanied bj 
an plombage required latei tlioraeoplastj to deal successfully with complica 
tions An additional 3 patients had subsequent decoitication Thus, a total 
of 14 pel cent of this gioiip reqiiiied latci majoi siiigeiy to handle the com 
plications of pulmonaiy resection On the contraij, only one (16 pei cent) 
of the patients with resection who had an plombage leqiiired thoracoplasty, 
and none, decoitication 

The complication late for apical and postciioi segmental leseotion was 15 
pel cent Upper lobectomy gave the same mcidenoe of complications Apical 
segmental resection was followed by complications in 8 5 pei cent, and apical 
posteiioi superior lowei lobe lescctions pioduced 7 pci cent complications 
Posteiioi segment lesection alone was followed by complications in 3 of 16 oases 
and apical supciioi segment in 2 of 3 cases The only complication in the 
gioiip wath ail plombage was in a light uppei lobectomy with anomalous 
aiteiial supply (Table IV) 


Tvble IV TvPES OF Complications 

(OASES VVITIIODT AIT PLOMBVOE) 



1 OPERATION 

1 I QBE 

j SEGMENT 

1 MTDrE I 

TOTAT 

I PFP CPNT 

Bronchoplpunl fistula 

13 

14 

3 

30 

05 

Empyema 

1 

5 

1 

7 

2 

Spread 

2 

1 

0 

3 

00 

Hemorrhage 

5 

3 

0 

S 

25 

Tuberculous AAOund infection 

1 

1 

0 

2 

06 

Others 

8 

5 

4 

17 

52 

Total 

30 

29 

8 

67 

21 2 


Note Some patients had more than one compUcitlon 


Fiom these figiiies it appeals that an plombage is especially valuable in 
lesections involvaiig the apical and posteiioi segments and in uppei lobcctoniv 
It IS of some value when either the apical oi posteiioi segment alone is icseetcd 

AVo believe that a leseetioii involving one oi more segments of tlie uppei 
lobe along the siipeiioi segment of the lovvci is espeeiillv vailiioiablc to com 
plications, and that, theiefoie, an plombage is indicated in this gioiip 

DISCUSSION 

Bionehopleiiial fistula (oi “lesidual an space”) itmains tlie most ficqucnt 
and one of the most tioiiblcsome of the complications of pulmonaiy resections 
This IS especially tiue following siirgciv on the upper lobe, iiarticiilailv in 
tubeiciilosis patients 
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Several factors appear to lead to an increase in incidence of fistula. Tliese 
include: (1) Active disease at the line of resection. (2) Technical errors in 
dealing with the lung tissue (this seems to be in regard to the minute bronchi 
in the pareneh^Tna rather than the bronchial stump itself). (3) Dead space 
due to fibrosis in the lung with decreased compliance preventing the lung from 
filMng the pleural space; or a total air leak (usually in the lung surface) 
sufficiently large to prevent a negative intrapleural pres.sure from expanding 
the lung; or a gross discrepancy in the shape of the intrapleural space and 
the lung surface, causing air pockets to be trapped, such as in the apex after 
an apical segmental resection. 

Air plombage was developed to prevent the formation of an intrapleural 
pocket of dead space. If properly performed it does tliis in several ways. 
First, it allows relatively healthy tissue to fall against the raw surface at the 
line of resection. This tends to seal multiple minute air leaks, and aids healing 
by preventing overexpansion which may result in persistent leaks and active 
disease. Second, it gives the chest wall a controlled amount of fl.exibility, thus 
preventing an excessive intrapleural negative pressure during forced or rapid 
inspiration, which tends to keep small bronchi open. Third, the procedure 
“tailors” the shape of the intrapleural space to fit that of the limg so that a 
fibrosed or noncompliant hmg with abnonnal shape resulting from resection 
^vill touch the pleura at all points and most importantly at its raw surface, 
thus obliterating the pleural space. 

A satisfactoiy air plombage must (1) result in an extrapleural pocket 
of about the same volume as the resected pulmonary tissue, and (2) be so 
located that the shape of the intrapleural space is the same as that of the re¬ 
maining lung sixrfaee. 

Needless to say, the stripped portion of the chest wall must be intact to 
prevent intrapleural contamination from entering the space with resultant 
infection. 

Wliile these same factors may be produced by a concomitant thoracoplasty 
(with about the same results), air plombage has several additional advantages. 
First, it results in no bony deformity or scoliosis; second, it is faster and less 
traumatic than thoracoplasty; third, it is somewliat automatically reversible, 
for, after all air lealvs are sealed and the raw surface is healed, the lung will 
expand, pushing the stripped area back against the ribs and thus obliterating 
the space. Fourth, the presence of blood, fibrin, and trapped air in a closed 
space covered bj’ the bony cage will prevent excess paradoxical motion even 
when a large space is created. This allows a much larger stripping with a 
greatly simplified postoperative course than would be obtained with a thora¬ 
coplasty. 

summary 

1. A group of 61 upper lobe resections with concomitant air plombage is 
compared with 313 upper lobe resections without a collapse procedure. 
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2 Tlie ovet all complication latc iias 19 3 pei cent in the group without 
an plombage, but only 1 6 pei cent in the gioiip in mIiicIi an plomlnge ivns 
clone 

3 liVithout a tonconiitant collapse piocediitc, 14 per cent of the patients 
leqiiired fiiithci siiigeij foi the ticatmcnt of complications eontiasted iiitli 
only 16 pel cent of the gioiip luth an plombage 

RErERENCE 

1 Chimberlain, J M, Stores, G F, KlopstocK R, and Daniels, C F Segmental Resection 
for Tuberculosis (300 Cases), J Tiiopacic Surr 26 471, 3053 



SPACE PROBLEMS IN EXTENSIVE RESECTION FOR 
PULMONARY TUBERCULOSIS: THE USE OF PRE¬ 
RESECTION TAILORING THORACOPLASTY 

Frank J. Aiilloy, M.D., Ahmed Kahdem, ALD.,^- and 
Hiram T. Langston, Al.D., Chicago, III. 

T he ajs'atomic distriJjiitioii of ijulnionaiy tEbereiilosis is frequently such that 
extensive resection of tlie upper portion of the lung is necessary. One oE 
tlie requirements for success in tliese segmental or lobar resections is that the 
remaining pulmonary tissue Im capable of filling the pleural .space. If this 
requirement is not met, an unfilled space results which may well become the 
location of an empyema. 

In a recent report, BelP foiuid 30 instances of postresection space problems 
in 135 lobectomies, an incidence of 22 per cent. V'^areham and his co-worker.s^ 
found, in a group of 55 lobectomies, twelve persistent pleural spaces, an in¬ 
cidence of 20 per cent and, in a group of 22 patients who uudenvent lobectomy 
plus segmentectomj' or wedge resection, nine persistent pleural spaces, an in¬ 
cidence of 40 per cent. Although, they emphasized that some of these spaces 
remained uncomplicated, many required further sui’gical intervention. 

The space resulting from resection of a portion of the Ixmg is ordinaiily 
obliterated by one or both of two processes. These are overexpansion of the 
remaining lung tissue and decrease in the size of the hemithoi’ax. Decrease in 
the size of the hemithorax is produced physiologically by mediastinal shift, 
narrovfing of the intercostal spaces, and/or a rise in the level of the diaphragm. 
If these physiologic compensatory mechanisms are insufScient, surgical measures 
may be taken to decrease the size of the henrithorax, such as paralysis of the 
diaphragm, creation of a “pleui'al tent,” or the performance of some tjqje of 
thoracoplasty. 

If thoracoplasty is required as an adjimet to pulmonaiy I’eseetion, it may 
be perfonned (1) concomitant with resection, (2) following the resection, or 
(3) preceding resection. 

1. Concomitant Thoracoplasty .—^In mo.st of the patients operated upon 
in this institution there has been sevei’e apical disease with dense pleural adhe¬ 
sions, and we have frequently found it necessary to use extrapleural and 

From the Chicago State Tuberculosis Sanitaiium and Department of Surgery, University 
of Illinois. Chicago, Ill. 
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cxtiafacial planes of dissection o\er ^\^de expanses of the chest wall To resect 
uppei libs, in the face of extiapleiual dissection at the apex, 'would lea^e little 
more than shieds of inteicostal tissue lepicscnting the upper chest wall Like 
wise, theie is no tisstie loeaUy fiom •which to constiuot a “pleural tent ” Even 
without this set of ciieumstanees, we feel that the added buidcn of paradoxical 
motion 111 the chest w all should be ai oided it possible, since it undoubtedly in- 
eieases the inoibiditj', paitieulail> when added to an extensile pulmonary le 
section Thus, we laieh eonsidei concomitant thoiacoplasti 

2 Postrcscchon Thoracophisiy —Since one cannot be positiie that a sciioiis 
space pioblem will neecssanh deielop followiiijr any giicn lesection, it can be 
argued that it is leasonable to cam out the indicated leseetion, howeiei cx- 
tensne it iiiav be, and hope foi full and eomiikfc puhiioiiaiv expansion An> 
space or empicma that iiiai lesult is then floated bv needle aspnation, tube 
diainage, oi thoiaeoplasti as indicated Tin-, aiipioach has the disadvantage 
of allowing a complication to dciclop wliieh might haie boon piciented 

3 Pjcicscction Thatacoplasty —In adiocating a pieicseetion thoracoplastj, 
we subsoiibe to the tenet that by caiefnl eialuation the exact extent of the ic 
section to be poifoimed, oi at least its maximal and minimal limits, can be 
olenih’ dcteimined The anatomic extent of iniohcmont is estimated by renew 
of all aiailable x-iay films as well as by other methods of examination which 
include bronchoscopy, bionohogiaplij, and lamiiiogiaphy 

The lateial laminogiain is often paiticulaiij helpful in deteimiiimg whcthoi 
tlicio mav be significant residual disease in the middle lobe or in the supenor 
segments of the lower lobes Likeinse, a gicat deal mat be leaincd conccniing 
inflammatoi’} changes of the bioiichial tiec and possible distoitions of the spaci.il 
1 elationships between segments and lobes, in tliesc eases, bi means of loiitino 
Iiionchogi apliv 

Physiologic eialuation, iiicludiiig bionehospiioiiietii as well as dotcimiii.i- 
tion of pulmonaii aiteij piessincs Ip light heait catlieteii/'.atioii, pcimits .i 
moie complete classification of the patient in icgaid to suigical iisk 

We aie fuithei influenced bj clinical faetois, such as the piesenco of coiiti.i- 
lateial disease, wliieli might impose limitations on extent ot lescclion on the 
one hand, oi by diug lesistance on the pait of the oiganism which might 
aigne foi widei lesoetion on the otliei liand 

Due allowance is made, of eouise, foi the patient whose disease has alicady 
so ooutiaoted a hige extent of lung paiencliMiia oiei a chioiiie coui-se that the 
\olume of lung to bo rcraosed is" small, in spite of the total niimbei of lung 
segments imohccl Undei these ciieumstanees, comiicnsation has alicndv been 
laigely eftected foi the tissue to be iimoccd and a space ieducing yiioecdiiic 
maj not bo iieccssaiv 

Aftei consideiation of all these faetois, wo ha\e adopted the policy of 
peifoimiiig a pieliminaiy tailoiing thoiacoplasty if it is expected that the 
pioposcd icscctioii will consist of an amount of lung gicatei than the coliimo of 
one lobe but less than a total pneumonectomy 
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TECHNIQUE 

Preliminaiy tcTiloring- thoracoplasty, as we use it, is carried out some 3 or 
more weeks before the pulmonaiy resection. It consists of subperiosteal re¬ 
moval of the first rib from the tip of the transverse process to the costochondral 
junction and of most of the second and third ribs from the tips of the transverse 
Iiroeesses to a point anteriorly just short of the costochondral junction. 

Our purpose is to shorten the superior inferior axis of the chest, since this 
appears to be the critical diameter. Conseciuently, there is no advantage in 
resecting the second and third ribs beyond the point that is on a‘ horizontal 
level with the posterior portion of the fourth rib. 

Further, an apieolysis may be performed which tends to ensure that the 
pleural dome is dropped to the level of the fourth rib posteriorly and the stumps 
of the second and third ribs anteriorly. EAmn though this level of the pleural 
dome achieved by apieolysis may not be a permanent one, it appeai-s at times 
to have the advantage of reducing further the vertical diameter of the hemi- 
thorax, particularly in the gutter. 

At the subsequent thoracotomy, the chest is entered through the bed of the 
fifth rib. If added collapse is required, a five-i‘ib thoracoplasty of tailoring type 
can be had by the resection of an appropriate length of the fourth rib. If 
this is not neeessaiy, the hemithoraeic volume is not affected beyond the original 
three-rib procedure. 

material and results 

In the past 4 years, 31 iiatients have undergone pulmonary resection of 
more than one lobe but less than the entire lung, subsequent to a preliminary 
three-rib tailoring thoracoplasty in this institution. There Avere no deaths. 
Tavo patients incurred pneumothorax at the time of thoracoplasty because n£ 
inadAmrtent entrance into the pleural space. One of these requii*ed a short 
period of Avater-seal drainage. 

The types of subsequent resections carried out are summarized in Table I 
and, as can be seen, 19 of the 31 patients Avere left Avith only basal segments 
folloAving resection. In 6 patients, the fourth rib Avas removed in addition to 
the fifth rib at the time of resection, in order to obtain additional collapse. 

Table I. Type of Resectiox Performed in 31 Patients "Who Had Preresection Tailoring 

Thoracoplasty' 


Left upper lobe and superior division lower lobe 

Riglit upper lobe, middle lobe, and superior division lower lobe 

Right upper lobe and middle lobe 

Left upper lobe and wedge of lower lobe 

Right upper and middle lobes and wedge of lower lobe__ 


In addition to the larger volume of resected lung, these patients Avere 
usually left AA'ith raiv segmental surfaces. They had, therefore, the tAvo chief 
predisposing factors to space problems. In spite of this fact, only 2 of the 
patients developed this complication, an incidence of 6 per cent. 
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One such patient iilio had undeigone lesoction of all but the basal segments 
of the light loner lobe letamed a space eien though hei tlioiacophstj nas in 
cieased to the fifth iib at the time of resection She leqiiiied tube diainage 
foi G necks befoio the space nas obliteiatcd The second patient nlio bad 
lescction of the light iippci lobe and siipeiioi segment of the lonei lobe letaincd 
a ]ilenial space nhieli noiild not fintliei dcciease He deieloped tiibeieulous 
ciiipaenia seieial months postopeiatnoh Both of these eomplications seem 
atti ibiitable to the i ai aged state of the lung tli it n as left behind AVe ai e con 
iinoed that many aieas of lung oiigiiialh ilTccted e\en though boautifulh 
cleaicd hi tieatmont aie leliictaiit to expand much beioiid then accustomed 
size This factoi, lioneiei difficult to define oi estimate is iicierthelcss leia ical 

suaniAiia ind coisClusion 

AA'hen, in the management of fai adiaiiccd pulmoiiaii tubeiciilosis bj le 
section, it appeals likeh that onl\ a small portion of the lung mil be left bchmd, 
some degiee of tailoiing of the liemithoiax is necessaij In a senes of 31 
cases, ne Ime anticipated this ciiciimstance bj eaiofiil pieopeiatnc stiidj and 
haie piepaied for it In a picicsection tboraeoplastj Tins piactico has le 
Maided us bj an incidence of complication fai below the expected The added 
suigoia has liKcmso caused a low incidence of moibiditj 

liErEBEIiCES 

1 Bell, J at Management of the Postreaection Space in Tuberculosis II Follow mg 

Lobcctomi, J Tiioraoio Sena 31 442 451,1056 

2 Bell T aa Management of Postrcsection Space in Tuberculosis III Role of Pre and 

Postiesection Tlioraeoplastj, T TuorAcic Sour 31 580 592, 3056 

3 Fmdlaj, C aV The atanagemont of the Pleural Space Followang Partial Resection of 

tho Lung lEapccialli for Tuberculosis) T Thoracic Sure 31 601 615, 1056 

4 Slieh, J S and Corpe, B F Comparative Study of Postrcsection Morbidity in Cases a) itli 

and aaithout Prereseetion Thoracoplasty J TllorAClc SURC 32 92 05 1056 
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AN EVALUATION OF TECHNIQUES OF PULMONARY 
RESECTION FOR TUBERCULOSIS 

David V. Pecora, Ai.D., Ray Brook, N. Y. 


A lthough pulmonary resection for tuberculosis has been popular for a 
number of years, opinions vary among surgeons regarding various technical 
aspects. For instance, Steele^ found that a considerable proportion of surgeons 
do not use subsegmental resection or have reservations regarding its use. Some 
prefer to use lobectomy in preference to smaller I’eseetions in patients harboring 
tubercle bacilli resistant to antituberculosis drugs. A number of writers have 
discussed the superioritj’- of various types of bronchial closure. Yet, a review 
of the recent literature fails to yield comdneing evidenee to support many of 
the claims which have been made. In order to attempt to ansAver some of the 
more important questions whieli have been raised, the surgical experience at 
the Ray Brook State Tuberculosis Hospital between January, 1950, and Jan¬ 
uary, 1957, has been reviewed. 

TYPE OF RESECTION 

It has been stated that the risk of pulmonary resection increases vdth the 
amount of tissue removed. Generally, this conclusion seems to be supported by 
the data in Tables I and II. Included in these tables are only pure procedures, 
combinations of different procedures at the same operation lia\nng been elim¬ 
inated. Segmental resection, lobectomy, and pneumonectomy were performed 
by the individual ligation technique. The pleui’al surfaces were not routinely 
approximated but care was exercised to control bleeding and air leaks by suture 
or ligature. Subsegmental resections were performed exactly as segmental re¬ 
sections except that the hilar dissection occurred at the subsegmental level. 
Wedge resections were performed according to two general techniques, '‘open 
and “closed.” The “open” teclmique (Fig. 1) consisted of progressively cutting 
and suturing the lung with either interrupted fine silk or continuous atraumatic 
chromic catgut. The “closed” technique (Fig. 2) consisted of blocking off the 
lesion with clamps, suturing beneath the clamps, and then amputating the lesion 
external to the suture line. Again, either interrupted fine silk or continuous 
atraumatic chromic catgut in two layers were employed. 

The wedge-segmental resection consisted of preliminarj^ isolation and divi¬ 
sion of tlie segmental vessels and bronchi and development of the intersegmental 
plane until disease was encountered entering the adjacent segment, followed by 

From the Bay Brook State Tuberculosis Hospital, Bay Brook, N. Y. 
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removal of the remaining diseased tissue by eitlier “open’’ or “closed” wedge 
technique. The “closed” type is illustrated in Pig. 3. The wedge-segmental 
resection has proved extremely useful in conserving functional tissue. 

Before the various tjqies of surgery can be compared, it is important to 
know whether or not they have been performed upon patients harboring enl- 
turable tubercle bacilli, as it has been our experience that tliis affects the inci¬ 
dence of tuberculous complications. This is evident when one compares Table 
I and Table II. Moreover, in searching for standards for comparison it appears 




appropriate to employ the postoperative complications and deatlis occurring 
within one month following surgerj'. Since results were similar employing the 
“closed” and “open” techniques, no attempt is made to differentiate them. 

The incidence of postoperative hcmotliorax is not related to (he sire of the 
resection; this is to bo expected since bleeding has usually been found to emanate 
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Table I. Type of Eesection by Eart.y Postoperative Complications—Patients Harboring 

OULTURABLE TUBERCLE BACILLI 


PROCEDURE 

NUMBER 

HEMO¬ 

THORAX 

OPERATIVE 

SPREAD 

BRONCHO¬ 
PLEURAL 
FISTULA OR 

EMPYEMA 

OPERATIVE 

DEATH 

Wedge 

37 

0 

1 

3 

0 

Wedge-segmental 

17 

0 

0 

2 

0 

Subsegment or segment 

4 

0 

0 

2 

0 

Lobectomy 

26 

0 

1 

4 

0 

Pneumonectomy 

15 

0 

0 

4 

2 

Total 

99 

0 

2 

15 

2 


Table II. Type of Eesection by Early Postoperative Complications—Patients Harbor¬ 
ing No Culturable Tuberci.e Bacilli 


PROCEDURE 

NUMBER 

hemo¬ 

thorax 

OPERATIVE 

SPREAD 

BRONCHO¬ 
PLEURAL 
FISTULA OR 
EMPYEMA 

OPERATIVE 

DEATH 

Wedge 

178 

3 

0 

1 

1 

Wedge-segmental 

34 

2 

1 

1 

0 

Subsegment or segment 

25 

1 

0 

0 

0 

Lobectomy 

39 

0 

0 

2 

0 

Pneumonectom 3 ' 

12 

0 

0 

1 

1 

Total 

288 

6 

1 

5 

2 


from chest wall vessels. The incidence of operative spread of disease also ap¬ 
pears unrelated to the size of the resection. This is also to be expected since this 
complication appears generally related to factors such as amount of sputum, 
position of the patient during surgery, conduct of anesthesia, and the speed with 
which the bronchus leading to the source of sputum is occluded. On the other 
hand, the incidence of lironchopleural fistula and empyema does appear gener¬ 
ally related to the size of resection. This can be explained to a great extent 
on the basis of the fact that more difficulty is experienced in obliterating the 
pleural space after larger resections. This is especially so in the pneumonectomy 
group. 

The problem of obliterating residual pleural spaces following pneumonec¬ 
tomy has been simplified bj^ the following practices. After resection the pleural 
cavity is drained ■with the aid of an apparatus previously described." There¬ 
after, imtil thoracoplasty is performed, approximately 3 weeks later, the pleural 
cavity is maintained as dry as possible by tlioracentesis. After thoracoplasty is 
performed, any remaining pleural air and fluid is aspirated before the wound 
is closed. If the pleural cavity contains a considerable amount of clotted exu¬ 
date, a small incision is made through the bed of a resected rib and the clots 
removed, care being taken to prevent unnecessary bleeding. If the parietal 
pleura should prove too rigid to collapse firmly against the mediastinum, it is 
removed according to the method of Grow.® 

Although three of the four early deaths followed pneumonectomy, it should 
be noted that one, a cardiac arrest during surgery, was apparently due to anes¬ 
thesia difficulties. In one patient a lobectomy was planned but, because of 
hemorrhage due to laceration of the pulmonary artery, a pneumonectomy was 
performed. Although the hemorrhage was thus controlled the patient lived only 
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2 horns postopeiativcl} This death might ivcll be eiedited to the lohectonit 
gioiip The third patient died 5 dajs postopeiativelj of coi pulmonale and piil 
monaiy edema The fouith patient died of intiapleiiial heniorihage folloiving 
wedge resection Since bleeding appealed to emanate from the chest nail, this 
complieation could ha\c ocoiuied following an\ tjTie ot lesectioii 


IMPORT \NCE OF E\TENT OP DISEASE 

Tables III and TV summaiizc the eailj complieations accoiding to the 
estimated volume of surgically treated lung mvoUcd bv disease It is obvious 
that the incidence of bionchopleuial fistula and empvema eon elates even bettei 
with the extent of disease than with the tyjie ot itsection perfoiined Indeed, 
this may veij well be the piineipal determining factor in piognosis following 
V aiions tj’pes ot lesection It is interesting that the incidence of hemotlioiax did 
not correspond to the amoimt of disease, eonfiiming the impression that this 
complieation is duo to the occasional chest wall bleedci which is aecidentallj 
oveiloohcd As in Tables I and II and foi similar leasons theie appears to be 
little correlation between extent of disease and incidence of operative spiead 
of disease 


Table III Extent or Disease in the Soboioallt Teeated Luvo by Eaevy Postoter itive 
C oiiPLioATiONS—P atients HArBorjNO ColtuTwABle Tdeepole Bacilli 


1 

ESTIMATED ^OLUME OF 
DISEASED LUNG 

1 

NUMBER 

1 

HEMO 

THORA\ 




Less than half 

74 

0 

2 

10 

0 

More than half 

25 

0 

0 

5 

2 

Total 

99 

0 

2 

15 

0 

Table IV Extevt of Disease iv the Surgically Treated Lunc b\ E\pi\ Postoieratuf 

COMPLICATIOVS—PiTIEVTS HaPCOKISO NO CuiTURABIf 

Tuafpclf BACiLir 

ESTIMATED VOLUME OF 
DISEASED LUNG 

NUMUEF 

IIEMO 

THORAX 

01 EPATI\ E 
SPPEAD 

Bl ONCnO 

ILFUr \h 

fistuiaA or 

emp^fma 

OPir\TI\F 

DEATH 

Less than half 

260 

6 

1 

4 

2 

More than half 

28 

0 

0 

1 

0 

Total 

2SS 

C 

1 

5 

2 


TREATMENT OF THE BRONCHUS 

In the senes of resections other than vAcdgo resections, the pioximal end 
of the divided bronchus was closed with end on fine silk sutiues Prior to cailj 
1954, the bionchial stump was almost alwajs covered vntli plcuia or pulmonaij 
tissue, since that time the bionehial stump has not been coveied except following 
some pneumonectomies Allowing for faetois such as diiig therapv, bacteiiol- 
ogy, and extent of disease, it has been impossible to dcnionstiato a difieiencc in 
incidence of bionchopleuial fistula in the two groups of patients Jloieovci, 
exploiation of a number of iinmfceted pleural air spaces coinmunieating with 
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the bronchial tree has usually demonstrated these communications to lie on the 
lung suiface and the bionchial stump to be well healed. This has been true 
even after obviously diseased bronclii have been divided and sutured, provided 
antituberculous drug therapy has been administered. Generally speaking, the 
occurrence of pleural empyema seems to precede rather than follow reopening 
of a sutured bronchus. 


PRERESECTION THORACOPLASTY 

Most surgeons agree that thoracoplasty may be indicated following resec¬ 
tion to obliterate remaining pleui-al spaces or empyema. However, tlie place for 
prereseetion thoracoplasty is not Avell defined. Tables V and VI were com¬ 
piled in an attempt to evaluate preresection thoracoplasty in the light of other 
important factors which affect early postoperative results. It is to be expected 
that the incidence of operative spread of disease and postoperative hemothorax 
would not be affected by prereseetion thoracoplast}*. It is interesting that the 
incidence of bronchopleural fistula and empyema is higher in patients who have 
had prereseetion thoracoplasty. This difference is probably at least partially due 
to the fact that this group repi’csents patients with the greater amount of dis¬ 
ease. However, the results may to some extent indicate the difficulty one ex¬ 
periences in filling the conical apical pleural space which frequently exists fol¬ 
lowing resection under thoracoplasty. 


Table V. Preresection Thoracoplasty by Early Postoperative Complications—^Pa- 
TiE.vTS Harboring Culturable Tubercle Bacilli 



NUMBER 

hemo¬ 

thorax 

OPERA¬ 

TIVE 

SPREAD 

broncho¬ 

pleural 

FISTULA OR 
EMPYEMA 

OPERA¬ 

TIVE 

DEATH 

NUMBER 
WITH OVER 
HALF OF 
OPERATED 
LUNG 
DISEASED 

No thoracoplasty 

74 

0 

1 

8 

1 

14 

Thoracoplasty 

25 

0 

1 

7 

1 

11 

Total 

99 

0 

2 

15 

2 

25 

Table VI. Preresection 

Thoracoplasty by Early 

Postoperative Complications— 

Patients Harboring No Culturable Tubercle Bacilli 


1 






number 







WITH OVER 





BRONCHO- 


half OF 




OPERA- 

PLEURAE 

OPERA- 

OPERATED 



IIEMO- 

TIVE 

* FISTULA OR 

' TIVE 

LUNG 


NUMBER 

THORAX 

SPREAD 

empyema 

DEATH 

diseased 

No thoracoplasty 

2G6 

6 

1 

4 

2 


Thoracoplasty 

22 



1 

0 


Total 

28S 

6 

1 

5 

2 



DISCUSSION 

There appears to be little reason to exclude any of the tjqies of pulmonary 
resection reviewed in this communication from the armamentarium of a sur¬ 
geon on the assumption that it carries too great a risk. Each technique has its 
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applications and, if propeilj used, caines a Ion moibiditi Indeed, nhat detei 
mines to a gieat e^Ltont the incidence of sciioiis complications and moitality is 
the extent of disease, which fundamentaUj affects both the teohnieal difficulties 
encountered at operation and the pliisiology of tlic patient 

Theie is no evidence that lobectonij is moie laluable than aiij other tjpe 
of resection ui the treatment of patients haiboring lesistant oiganisms IVliat 
seems impoitant is tliat the inatoi disease be leinoied This iiiai leqiiiic a nedge 
lesection oi a pneumoiiectom} ^Puitheinioie, aiij tjpe of leseetion without 
antitubeiculous diug protection should be aioided If one cmplois drugs to 
nliich the patient’s tubeicle bacilli are sensitnc the fact that the oiganisms aie 
resistant to other dings is unimpoitant * ® 

Our results mth single lajei closure of the lironelras have been excellent, 
indicating that little is to be gained b% adoptmg more claboiate techniques This 
assumption seems fuither suppoited b 3 ' the fact that coiering the bronchus with 
pleuia or pnlmoiiari tissues has not impioicd lesiilts Two factois of impor 
tance in the pieiention of bionehopleural fistula and emp\eiiia aio eaih oblit 
eration of pleuial an spaces and prolonged antitubeiculous diug therapi 
Bronchial disease, although empbasued bj othcis, does not seem to piedispose 
to the oceuiicnco of bi onehopleural fistula to an appreciable extent 

There is no evidence that preresection thoiacoplastj is of value On the 
oontiaiy, it maj piedispose to pool lesults 

SUMMARY 

Seven jell's’ experience with \aiious tipes of lesections foi pulmoiiaii 
tuberculosis is reviewed Bj judicious use of the piocednrcs desciibed, a maxi 
mum amount of functional lung tissue can be presen ed The postoperative re 
suits are determined to a gicat extent bji the amount of disease picseiit There 
IS no evidence that lobectomj is superioi to anj othei procedure in the treat 
meiit of patients with lesistant orgmisins Bioiichial disease is of little mi 
portanco piovided adequate antitubeiculous diug theiapy is aiailable Tlie 
simplest bionchial closure rields excellent icsiilts There is no eiidciice that 
piercseetion thoiacoplasti is of value 
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PULMONARY ABSCESS: A STUDY OF 70 CASES 

Daniel N. Pickar, and William F. Ruojf, Ai.D.** Louisville, Ky. 


pULjMONARY abscess ]ias long been recognized as one of tiie most serious 
1 diseases of the lungs and, prior to the availability of the antimicrobial agents, 
the prognosis Avas extremely poor, both as to morbidity and mortality^’ ^ With 
the adA’cnt of the sulfonamides, penicillin, and the other antimici’obial agents, 
and Avith the development of better techniques in the field of pulmonaiy surgery, 
the pi'ognosis for these cases has greatly improA’ed.^’ ' 

It is the pui-pose of this paper to present a study of 70 consecutive cases 
of pulmonai'y abscess treated at the VA Hospital, LouisAulle, Ky., during the 
past 10 years. Abscesses resulting froin tubei’culosis, fungus, parasitic infection, 
and carcinoma constitute special categories and Avei’C piArposely omitted from 
this study. 


METHODS AND lilATERIALS 


All cases of pulmonary abscess in this series Avere referred to the Chest 
Therapy Board for evaluation and recommendations as to treatment. The Board 
consists of the Chief of the Section on Chest Diseases, the Chief of the Eadiology 
SerA'ice, the Consultant in Clicst Diseases, and the Consultant in Thoracic 
Surgery. The initial plan of majiagement Avas to place the patient on bed 
rest and, after sputum specimens had been collected for culture, an antimicrobial 
agent Avas started. It AA'as the preference of the Medical Service to start the 
patients on penicillin alone, usually in a dosage of 100,000 units of crystalline 
penicillin every 3 hours or 600,000 units of procaine penicillin tAvice daily. 
This AA'as not a fixed policy, however, and the responsible ph.A^sician could use 
any antibiotic, alone or in combination, AA'hich he felt desirable, particularlj" if 
the patient had received antibiotic therapy prior to admission. Subsequent 
antibiotic therapy AA-as dictated b3^ the clinical response and the results of 
bacteriologic determinations, including sensitiAnty studies. Auxiliary supportive 
measures Avhich Avere emplojmd as indicated Avere postural drainage. 


Prom the Medical Service, A''eterans Administration Hospitai, Louisvilie, Ky., and tlie 
Department of Medicine, University of Louisville School of Medicine. _ 
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bionchodilator dmgs, c\peotoiaiits, blood tianfusions, and a mitiitious diet 
Necessaiy procedures foi the lecognitioii and amelioration of co eMsting pul 
inonaij and sjstemic diseases i\cie earned out 

The lesponse of the abscess to medical tieatment deteimintd uhethci oi 
not suigical tieatment uas indicated In geneial, siiigeij uas felt to be in 
dicated if the abscess peisisted oi if caicinoina uas suspected 

RESULTS OF STUDI 
J?nce, Age, and Sex — 

Of the 70 patients uuth pulmonaij abscess 59 ueie uhite and II ueie 
Ncgio Theio was a unifoim distiibution m cich 10 lesi peiiod fiom 20 to GO 
3 cais of age Onlj' 5 7 pei cent of the patients weie beiond GO jeais of ago 
All patients were males 
Symptoms — 

The duiation of snniitoms piioi to admission lancd fiom one month oi 
less up to 26 months Thiitj patients (42 8 pci cent) had had sj'inptoms one 
month 01 less Piftj si\ patients (80 pei cent) had had sjTuptoms 5 months 
01 less Five patients (7 2 pei cent) had had no sjmptoms piioi to admission 
Thiee of these 5 dei eloped abscesses aftei admission to this hospital 
Table I siiows the incidence of sjmptoms m the 70 patients 


Table I Incidence of Stsipioms 


Cough 

(01) 


oaKne«« 

(0) 


Purulent sputum 

(52) 

74 2% 


(S) 

114% 

Chest patn 

(30) 

51 4% 

AnorcM'i 

<") 

10 0% 

Hemoptysis 

(32) 

45 7% 

Joint distress 

(4) 

5S% 

Weight loss 

(23) 

35 7% 

Headneho 

(3) 

4 3% 

Fever 

(25) 

35 7% 

Dyspnea 

(2) 

2S% 

Chills 

(10) 

22*)% 

Abdominil n'lin 

(2) 

2 8% 

Night 8i\eats 

(11) 

15 8% 

Stiff neck 

(1) 

1 4% 


Pre Existing oi Co Existing Disoidcrs — 

Nonpuhnonai ij disotdcts Seicn patients had seioie onl sepsis, 5 had 
diabetes mellitiis, 4 weic chioiiic alcoholics 3 had neiiiological disease, and 2 
had eeiebial arterial thiombosis Fifteen patients had one each of the follow 
mg disordeis post tonsillectomi, thiombophlebitis, doiMl hiphosis .irteiio 
sclerotic caidioiasciilai disease, old chest iiimii, uppei gastiomtcstiiial hcmoi 
ihnge of unknown cause, anxieti icactioii, cluoiiic pancicatitis, peiiaileiitis 
nodosa, sjphilis, h-mphatic leukemia, ciiihosis, fiattuic, malniitiitioii, and 
coionaiy insufGciencj 

Pulmonary disordcis Table 11 shows the incidence of pie ovistiiig oi 
CO existing piilmonaij disoideis 

In the 2 cases of bionchial obstiuctioii, one was duo to a iiaiiowed bionchiis 
fioiii an unknown cause, and the othei was ciiiscd bi a iiiptiiie of a calcified 
hmph node thiougli the bionchial wall 

Lahoiatory Studies — 

Initial white hlood count Twcnti foiii patients (34 per cent) had a total 
white count of 5,000 to 10,000 pci eiibic millimetci In the 10 000 ♦' 15 000 






454 


PICKAE AND BUOFF 


J. Tlioracic Sur^^. 
April, 1959 


Table II. PuLaiONAKV Di.sokders 


Pneumonia 11 

Pulmonary emphysema 6 

Eecurrent abscesses 3 

Bronchiectasis 2 

Bronchial obstruction 2 

History of pneumonia and previous lung abscesses 1 

Anomalous bronchi 1 

Pulmonary infarct 1 


I'ange were 20 patients (28.9 per cent). In tlie 15,000 to 30,000 range were 25 
patients (35.7 per cent). The patient tritli lymphatic leukemia had a total 
count of 495,000 white cells per cubic millimeter. 

In the differential, there was si definite shift to the left with 85 per cent 
of the patients showing more than 60 per cent granuloe 3 d;es. 

Ancima: Twentj* jDatients (28.6 per cent) had hemoglobin levels under 12 
Gm., red blood cell counts under 4,000,000, and/or a hematocrit under 40 per 
cent. 

Bacteriologic studies: Table III represents a composite in eacli case of one 
or more cultural studies for the predominating organism. Verification was 
also obtained in most of the surgicallj' treated abscesses by a direct study of 
the resected abscess. 


Table III. Bacteriologic Studies 


Streptococcus 

(IS) 

68.6% 

Diplococcus pneumonia 

( 5) 

7.1% 

Friedlander’s bacillus 

( 4) 

5.7% 

Hemob'tic Staph, aureus 

( 3) 

4.3% 

Streptococcus plus FricdlUnder’s bacillus 

( 2) 

2.9% 

Inconclusive!}' demonstrated 

( 8) 

11.4% 

Totals 

70 

100.0% 


Location of Abscesses .— 

Table IV shows the location of tlie ab.scesses. 


Table IF. Location of the Abscess 


Bight upper lobe 

Eight middle lobe 

Eight lower lobe 

Total 

(23) 

( 3) 

(15) 

41 

32.9% 

4.3% 

21.4% 

58.6% 


Left upper lobe 
Lingula 

Left lower lobe 

Entire left lung 

Total 

(10) 

( 4) 

(10) 

( 1) 

25 

14.3% 

5.7% 

14.3% 

1.4% 

35.7% 


Bilateral 


4 


5.7% 

___ 

Totals 


70 


100.0% 

-- 


Cavity Size .— 

In 41 patients (58.6 per cent), the abscesses were 4 cm. or less in the 
greatest diameter. In 23 patients (33.0 per cent), the abscesses were 4 to 8 cm. 
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m the greatest diamctci and, in G patients (8 4 poi cent), tlie abscesses MOie 
8 to 13 cm in diametei 

B> onclwgraphy —■ 

Bionchogiams -neie peifoimed on 12 patients (17 4 poi cent) dining then 
liospitalizatioii Of these, foiii neie noimal and tliiee slioiied liionchieetasis 
In 2 patients, the stndies aided in the delineation of the abscess The pioeeduie 
Mas unsatisfactory m 3 patients 

Bi onchoscopic Exnmmaiion — 

Forti tliiee jiatients Mete esaniincd bioncliostopicalh Of these, S') mcic 
notinal, 2 leiealcd bionehial stenosis and 12 slioned edema, pninlcnt sceietions 
01 blood fiom the affected bionehi 

Fever — 

The niaximnin teinpeiatnie on the d.n ol admission m,is noimal in 12 
patients (17 1 pei cent), 99° F to 101° P in 41 patients (58 6 pei cent), and 
101° P to 104° P 111 17 patients (24 2 pci cent) 

The duiation of fcici Mas 3 Mcclts oi less in 41 patients (58 6 pci cent) 
TMohe patients (17 1 pei cent) had no feici Pom patients had a poiMstont 
temporatnio cletation thioughout then hospitalization Of this lattei gtotip 
3 died and one left the hospital against medical .adiicc The icmainmg 13 
patients had a tempeiatuie elotation mIiicIi subsided 2 to 9 ivcchs aftoi then 
hospital admission 

Cavity Closuie — 

Tliiitj file of the 70 patients Merc considcicd to hate closed eatities Mitliin 
a peiiod of 10 to 120 dats The icmaimiig 35 entities did not close 01 this 
gtoiip 24 of the patients ttoie opciatcd upon, 5 died, 4 left the hospital against 
medical adtice, and 2 tteie disehaigcd from the hospital beeanso thoj ttished to 
continue tlieiapj undei then piitatc phjsician 

Slcehcal Thciapy — 

Poitvloui patients tteie tieatcd mcdicalh As soon as the abscess mis 
diagnosed, sputum ttas submitted to the laboiatoii foi smcai and cultuic loi 
piedominating oiganisms and scnsitititj dctcimiiiations An antibiotic ttas 
commenced immediatelj Mithout attaiting the icsults of the abote stndns Tlie 
choice of an initial antibiotic tailed and the selection ttas influenced ht the 
piefeience of the ttaid plitsician and the consultant staff Tn 21 patients, 
penicillin ttas used alone in 12, pcmcillin plus a tetiactcliiic ding ttas admin 
isteied. Ill 3 patients, penicillin plus stieptomtcin ttas tistd, and m one patient 
a tetiactcline drug alone ttas used In anothci single instance, because of the 
consideiation of possible tiiheiculosis, stieptomtcin jilus isonicotinic acid ht 
di azide tt as git en 

It ttas 111 the patients ttith rntdlandci s and sta])htloeaccns infections 
that tlie sensitmtt stndies piotcd to be most helpful in the thoicc of an cftcctitt 
antibiotic Thcic tteie 4 such patients in tthom pcnieillm and/oi a tetiaetclino 
ding ttas uiitiallt used, and latci a tctiaetclinc ding iflns ehloionnectin oi 
ehloiomtcctin alone ttas used 
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It is interesting tliat 3 patients effected a complete recovery Avithout any 
antibiotic therapy. Of these, 2 liad .abscesses which closed during a brief ob¬ 
servation pei’iod and the other refused any antibiotic therapy. 

Cause of death in 5 patients treated medically: Patient G. J. E., a 45- 
year-old Avhite man, died 7 days after admission. He had a sevei’e Laennee’s 
cirrhosis in addition to his pulmonary ab.scess. 

Patient E. E. E., a 36-year-old white man, was admitted to the ho.spital 
with periarteritis nodosa. His death resulted from a terminal Friedlander’s 
pneumonia and multiple Priedlander’s ab.sce.sses in the lung 17 months after 
admission. 

Patient S. E., a 56-year-old white man, was ho.spitalized for pulmonaiy 
abscess for 42 days. Terminally, he had a bronchopneumonia. 

Patient F. L., a 72-year-old white man, had completely recovered from his 
pulmonaiy abscess, but died from an acute coi’onary occlusion when he was 
being discharged from the hospital. 

Patient B. W., a 43-year-old white man, had fully recovered from multiple 
Friedlander’s abscesses treated 10 months pre\iously. On his readmission, he 
again had Friedlander’s pneumonia and abscesses. He had had diabetes mellitus 
for many years. On his final admission, he had a Friedlander’s septicemia and 
a severe .iaundice, the cause of which was not deteionined. He died 15 days 
after this second .admission. 

S^irgical Therapy .— 

It was our policy that medical therapy be given 1o the patient with an 
uncomplicated ease to the point where no further improvement was considered 
probable. "When carcinoma was .suspected, or when surgical complications 
existed, surgery was advised earlier. Table V shows the reasons for surgery 
in the 26 cases in which surgery was performed. 

Taum; V. Ei:ason'S fok Sukoery 

Por.sistenco of absce.ss and infiltrate on medical tlierapy 

Suspected carcinoma 

Bronchi cctasi.s 

Ab.sce.ss rupture through the diaphragm 

Continuation of open thoracotomy instit uted in another hospital 
_ Total __ 

In reviewing the patients who had an operation, 19 (73 per cent) had had 
less than 5 weeks of medical therapy. We ai’e of the opinion, after review of 
the cases individually and appljdng otir present-day criteria for surgical con¬ 
sideration, that 8 of these patients would now be given a longer trial at medical 
therapy prior to surgery. 

Type of surgery performed: The type of surgery performed is shown on 
3’able VI. 

Causes of death in su,rgically treated paiients: Patient P. 0., a 56-year-old 
man, had a segmental resection of the EUL and EML and had repeated compli¬ 
cations, including empyema and bronchocutaneous fistula, following the initial 
surgery. Many subsequent surgical procedures were performed. He died 17 
months after the initial surgery from pulmonary hemorrhage. 
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IaBLE VI T\PE of SUROEIl\ PEnOBMFD 


Eiglit Lung 


Eight pucuinonccton»\ 

o 

RUL lobectomj 

4 

BUL and RSIL lobectomies* 

o 

ELL lobectomj 


RUL lobectomy nnd 'idditionnl «egmtiitectomies 

1 

Multiple segmenteetomj of one or two lobes 


Total 

15 

Left Lung 


Left pneumoncctoTUA 

2 

LUL lobectonu 

2 

ILL Iobectom\ 

1 

LTJL lobectomy and segment LLL 

1 

LUL ■wedge resection 

1 

LUL and LLL wedge and scgnientei tnni% 

1 

LLL sogmentectomj 

1 

Total 

9 

Thoracoabdominal cvploiation 

1 

Open thoracotomj 

1 

26 


Patient S H, a GO jeai old man, had cluomc Itmphniic leukemia mIucIi 
was the inajoi factoi m Ins death 5Vi months aftci admission He had had 
ail open tlioiacotom} foi a peisistent abscess 

Patient E B , a 29 i car old man, had a left piiciimonectom\ and died 3 
houis postopeiatnelj fiom shock and acute pulmoiiarj edema 

Patient G J B , a 3G rear old man, was admitted with a pulmoiiaii abscess 
which had inptiiied tluough the diaphiagm This icqnued immediate e\ 
ploratioii Ho died 84 da\s aftci admission fiom a hi am abscess, peiitonitis, 
and gcneiali/ed sepsis 

Patient P C, a 40ieai old man, had a light piicumonectomi and died 
fiom caidiac standstill diiiiiig siiigen 

Patient M H J , a 28 leai old man, had a light piiciimoiieotomi and died 
3 horn's postopeiatiieh fiom acute piilmonaii edema 

Patient C J A , a 43 leai old man, had a light iippei lobe and a light 
middle lobe lobcctoini and died 22 dais postopeiatneh fiom peisistent sepsis 
and acute degcneiation ot the liiei 
Diuatwn of Hosintahzaiwn — 


Tcncr MI DvrvTioN 01 Hospitauz-ction 


1 

1 swRrrcAL 

■MFDICVL 

1 month or Ipss 

1 

7 

1 2 months 

3 

23 

2 3 months 

5 

12 

3 4 months 

7 

S 

4 5 months 

4 

3 

5 6 montlis 

3 

0 

6 7 montlis 

0 

0 

7 S months 

1 

1 

T ongcr than S months 


0 


lotsls 20 44 
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Total Duration of MorhicUty .—• 

Ill determining the duration of morliidity we have included the period of 
time from the onset of the first distressing symptom to the date of admission 
to the hospital, the period of hospitalization, and the post-discharge period that 
was required for additional convalcscenee up to the time the patient was able 
to return to work. 

The following Table VIII shows the total duration of morbidity. 


Table VIII. Duration op ^Morbidity 



1 SURGICAT- 1 

MEniCAL 

1 month or less 

0 

2 

1-2 months 

0 

5 

2-3 months 

1 

10 

3-4 months 

6 

10 

4-5 montlis 

2 

9 

5-6 montlis 

o 

1 

6-7 months 

5 

1 

7-S months 

1 

1 

S-9 months 

2 

3 

9-10 months 

1 

2 

10 months or more 

3 

0 

Totals 

26 

44 


In general, the surgically treated patients had a longer period of morbidity 
than did the medically treated group. In this connection, it should be recalled 
that patients requiring surgery were, as a group, more seriously afflicted and, 
in most eases had had a course of medical therapy which had proved inadequate. 

DISCUSSION 

The px’oper use of antibiotics is essential to tlie effective management of 
pulmonary abscess. Our studies emphasize the need for identification of the 
offending organism at the onset of therapy and the need for subsequent studies 
of the sputum, preferably at weekly intervals, to detect the development of 
bacterial strains that are resistant to the antibiotic being employed. In our 
series, there were 4 patients whose original cultures gi’ew Priedlander’s bacilli. 
These organisms were not sensitive to penicillin. There were 2 patients in whom 
the initial cultures revealed both a streptococcus and Priedlander’s baciUi 
and, with subsequent cultures, sensitivity determinations and clinical correla¬ 
tion, the Priedlander’s bacillus was felt to be the offending organism. In 3 
patients, hemoljTic Staphylococcus aureus was not isolated initiallj^ but was 
subsequently cultured. This organism ivas resistant to penicillin. In all of 
the above cases, the emplojuncnt of an antibiotic to which the organism was 
sensitive Avas of A'ital importance. 

The selection of patients for sui’gery is an indiAddual problem. We con¬ 
sider the indication for surgery to be the conclusive demonstration that medical 
therapy has failed. During the past fcAV years, Ave have applied this criterion 
more vigorouslj^ than Ave did during the firat pai’t of the study. Our studies 
reveal that in some patients aa’-c performed operation after a brief period of 
medical therapy and in others AAdiile they Avere still shoAifing some improvement. 
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We now belie\e that medical tlieiap^ of onh 1 to 2 weeks is inadequate, and 
that if aiii dcgioe of impioiemcnt can be doinonstiatcd medical tlieiapi should 
bo continued In addition, wo believe that opei.ition should be pcifoimed if 
the piesencc of caicinoma is suspected oi it theic CMSt oi deiolop complications 
which aio eonsidoied to bo suigical such as luptuie of the abscess enipjema, 
bionchiectasis, oi bionchostonosis 

It is to be noted that 3 of the 4 patients who had a pneuiiionectom\ died 
dining suigeij oi m the immediate postopeiatiie peiiod It has been stiessed 
bj otliei woikeis'' ° that this piocediue foi pulmonaiv abscess caiiies with it 
a high incidence of complications and a high nioitihti late 

The use of antibiotics and the deie'opment ot la ttei anesthesia and single il 
techniques haie substantialli iiiipioicd the piogiusis in pulmomij abscess 
Howeiei, it stiU lemains a seiioiis piobleni In oiii seiies, appioxiiiiateh 70 
pel cent ot the patients leqiined liospitabzalion ot Horn 1 to 4 months In 
20 pci cent, it exceeded 5 months In 17 1 pei cent the disease tciminatcd in 
death Thus, in spite of medical piogiess, pulmonaii abscess continues to be a 
piolonged moibid piocess wuth a substantial iiioitaliti late 

SUMMAH1 AND CONCLUSIONS 

Seientj oases of pulmonaii abscess tieated at the VA Hospital, LoiusmUo, 
Kj , haie been leiiewed Foitj foin of these wcic tieated medioallj and 2G 
singieallj Theie weie 12 dcatlis, icpiescnting a inortaliti of 17 1 pei cent 
AYe considei piilmonaij abscess to be pi imaiilj a medical problem Singon 
should be peifoinied, howoiei, if continued ladiologio and clinical iinpioi eniciit 
under medical therapj cannot be dcmonstiatcd, if caicinoma is suspected, oi if 
complications exist oi deiclop which aie consideied suigical 

Cultuics of the sputum, including sensitiiitj studies of the oiganisnis, 
should be made immediately These studies should be lepcatod at wcehlj in 
teiwals in ordei to be ceitain ot the antibiotic sensitiiitj of the offending oi- 
ganism This is paitieulailj tine in cases in whicli the infection is caused b\ 
titapliylococcus aiitcus oi Pncdlandci’s bncilli 

Although the piogiiosis in pulmoiiaiv abscess has iinpioied with the adiciit 
of antibiotics and the deielopment of impioicd anesthesia and suigical tech 
uiqiies, it continues to be a piolonged nioibid piocess witli a subst.uiti il iiioi 
talitj rate 
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ANOMALOUS SPLITTING OF THE UPPER LOBE BRONCHUS IN 
RIGHT AND LEFT LUNGS: WITH A NOTE ON THE INCIDENCE 
IN THE LONDON AREA OF LEFT MEDIAL BASAL SEGMENTS^- 

E. A. Boyden, Ph.D. (Med.Sc,), Seattle, Wash., and 
D. H. Tompsett, Ph.D., London, England 

I N THE MUSEmr of the Royal College of Surgeons in London there are some 
twentj’' preparations of human lungs in Avhich tlie wliole tracheobronchial 
tree (and frequently the pulmonary a'CsscIs) have been injected bj^ the superb 
Marco resin technique dcA’ised by Dr. D. H. Tompsett.^® Because of the number 
and perfection of these casts of distended lungs, the collection provides an un¬ 
usual opportunity to studj’- variations in the patterns of the bronchopulmonary 
segments. 

Recently, Avhile in residence at the College, the senior author took time to 
make such a study and found, to his surpinse, four pairs of lungs in which there 
were two upper lobe stems originating from eitlier the right or left main 
bronchus—two on the left side and two on the right. These had been noted 
by Dr. Tompsett but not hitherto described. j\roreover, the fe^v cases Avhicli 
have appeared in the literature have been based largely on bronchograms. For 
these I’easons, it has seemed desirable to place these cases on record, 

CASTS OF RIGHT UPPER LOBE 

Pigs. 1 and 2 are sketches of the segmental bronchi of tivo right lungs. 
That of Pig. 1 shows tAvo upper lobe stems arising in close proximity and having 
a combined area of origin 1.6 cm. in length. Tlie second sketch (Pig. 2), draivn 
from the posterior side, shoAvs tAAm upper lobe stems Avhich are further apart. 
The length of the combined area of origin in this east is 2.4 cm. In each case 
the higher of the tAvo bronchi supplies the zone of the right apical segment; the 
IcAAmr one the territories of the anterior and posterior segments. Poster-Carter,® 
in his Pig. 20A, reproduces a bronchogram AAdiich seems to resemble closely the 
specimen shoAvn in our Pig. 2. Incidentally, Pig. 2 displays another anomaly 
namelj^, dual origin of the branches of the superior (subapical) segment (Boy¬ 
den," Pig. 72). 

From the Departments of Anatomy, University of AA^ashington, Seattle, AA’'ash., and Rojal 
College of Surgeons of England, London, England. 

Supported by Research Grant H-2547, from Cardio-Vascular Division, U.S. Public Hea i 
Service, Bethesda, Md. 

Received for publication Aug. 19, 1958. 

*Text and dratvings by the senior author. 
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A somewhat different pattern has been publislicd by Brock’ who injected 
tile upper of two upper lobe hronclii m an anatomical specimen. In this case, 
the two bronchi had approximately the same position as tliose in Fig. 2 (Ids 
Pig. 128), but the upper one was distributed to only the mediastinal portion of 
the apex and not to the whole of the zone comprising the apical segment—an 
area corresponding to that supplied by the fiist branch of the left main bronchus 
in Pig. 4. 

Prom specimens of this land, it is but a .short stop to rarer eases in which 
a ramus of the upper lobe originates at the junction of the trachea and the 
right upper lobe bronchus (cf. Boyden,’ Pig 31) and even to rami which are 
frankly tracheal in origin. One of the most inteiesting of these is being pre¬ 
pared for publication by Dr. David Browne^ of Chaiuig Cross Hospital, London. 




Figr 1 Fifr 2 

FJg. 1 —Anterior vieu of right bronchial tree of Cast VJOOJ in Royal College of Sur¬ 
geons Mhicli illustrates first stage m clea\age of the ilglit upper lobe bronclius 

Fig. 2 —Posterior Mew of right bronchial tree of Cast JfJOOS wlilch shows separation of 
tuo component*! of right upper lobe bronchus Both Figs 1 and 2 are from lungs of adults 


This cast has two upper lobe stems, one at the usual site (an inch above the 
middle lobe hroncluis) and the other originating from the right lateral side of 
the lower traelica, almost an inch above the bifurcation. Tliis lobe is cleft by 
the azygos vein._ 

CASTS OF LEFT UFPEK LODE 

Tlie 2 cases presented here resemble those of the right side in liaving the 
two upper lohe bronchi closely adjacent to each otlier. In the first one (Pig. 0), 
the liigher of the two bronclii supplies the apical-posterior segment. Tiie lower 
of the two divides almost immediately into a hronelms which supplies the an¬ 
terior and lingular segments and into a lower lobe hionclius. In the hook by 
Huizinga and Smelt’ (their Fig. 20), there is a bioncliogram "of an adult patient 
that closely resembles that from the 15-day-old infant she ' . 
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In the second case (Fig. 4), the left main bronchus, at the usual site of 
Ijifureation, gives rise first to a small split-off portion of the apical hronclius, 
then divides immediately into upper and lower lobe bronchi. Apparently, such 
a ' ‘ splinter ’ ’ bronchus is much less common on the left than on the right main 
bronchus. 

These 2 cases are to be distinguished from a left eparterial bronchus which 
originates much higher up on the main bronchus. (For description of 5 such 
cases, see Boyden,- p. 217.) 

THE INCIDENCE OF SEPARATE LEFT MEDLVL BASAL BRONCHI 

One of the striking variations in the bronchial tree of the left lower lobe 
is the separate origin of the medial basal bronchus (see pinli-colored bronchus. 
Fig. 4). Because of this aberration, the left medial basal segment was recog¬ 
nized as such at the last International Congress of Anatomists in Paris, 1955; 



Pig. 3.—Drawings of left bronchial tree of Cast S.ZSi 1 from an infant 15 9,1',; 

Note separation of left upper lobe into apical-posterior and anterior-lingular components, 
the former as the first branch of the left main bronchus. 

and for this and other reasons (Boyden,- p. 30), it is believed that the so-called 
anterobasal segment of the London Congress of 1949 should at least he desig¬ 
nated by the name anteromedial basal segment, as originally proposed by Jack- 
son and Huber® in 1943. 

This medial basal segment was first described by Deve“ in 1900. In 1949, 
Berg, Boyden, and Smith’ reported its separate occurrence in 10 per cent of 
60 lungs of people that had been residents of Minnesota. Four years later, 
Pitel and Boyden® reported it as occurring in 4 per cent of an additional 50 
lungs'from the same locality. The incidence in 110 individuals was thus 7.3 per 
cent. Strangely enough, 7 cases of this occur in the 21 injected specimens pre¬ 
pared up to this time by Dr. Tompsett at the Eoyal College. Subsequently, it 
was ascertained that Dr. David Browne^ at Charing Cross Hospital has the same 
number of cases in approximately the same number of injected specimens. 
Therefore, the incidence of a displaced left medial basal bronchus in two London 



Boyden and Tompsett: Anomalous 

Splitting op Upper Lobe Bbonchus 


The Journal of Thoracic Sl*rgery 
April, 1959 



Fig- 4.—Color i)hntocrraj»h of left 'broncWii'l tree of Cast In Hoynl College of 

Surgeons. Note first (uncolorefi) branch of left main bronchus, representing separately aris. 
ing mediastinal ramus of apical-posterior bioncliiis (elements of B*n and B>b). 

Upper lobe bronchi: icd, larger portion of apical-posterior stem (Hoyden’s B* + *a) : 
dnrh blue, rest of stem (Bo%<lcn's B*b) ; dmk ween (barely Msible in color reproduction), 
anterior bronchus (Hoyden's B") ; <71 ov, supenoi lingular bronchus (B*) ; pinfc, inferior lingular 
bronchus (B®). 

Lower lobe bionchi yellow, superior (apical) bronchus (B«) : pinK. medial basal (B') ; 
blue, anterior basal (B») , icd. lateral basal (B*) ; posterior basal (H’®) For reproduc¬ 

tion of the whole tret of tills specimen sec Fig. 38. Tompsett.’® 



ENDOMETRIOSIS INVOLVING THE PLEURA 


Charles B. Ripstein, M.D., Michael Rohman, M.D.,'^ and Jacques B. Wallach, 
Ai.D., Nete York, N. Y. 

IXTKODUCTION 

1 NV0LVE3IENT of tlio pleuva l3y endometriosis is rare, 2 cases having been re¬ 
ported in tlie literature. Tlie following report illustrates the diagnostic and 
therapeutic iiroblems encountered in this lesion. 


CASE KEUOBT 

J. W., a 24-yoar-old I^egro nulliparous housewife, was admitted to the Bronx Municipal 
Hospital Center oil Oct. 11, 1957, for diagnosis and treatment of a right pleural effusion. 
Six months pirior to admission a dull right-sided chest discomfort was noted which gradually 
increased in intensity to a sharp “sticking” pain of severe degree, aggravated by coughing 
and deep respirations. Five months prior to admission, a cough developed and persisted, 
productive of % to 14 cup of white sputum daily. A recurrent feverish sensation was noted 
in the afternoons. During this period, there was a fifteen pound weight loss associated with 
anorexia, general malaise, and easy fatigability. There had been no previous Imown contact 
with tuberculosis. Hemoptysis, wheezing, chest trauma, and foul sputum were denied. X-ray 
studies revealed a right pleural effusion and the patient was admitted with the diagnosis 
of suspected pulmonary tuberculosis. 

Meuarcho had occurred at 14 years of age with menses appearing every 2S days and 
lasting from 4 to 7 days. In recent years, the amount of bleeding had increased and the 
early part of the menses was accompanied by moderate abdominal pain. The patient had 
married 4 years previously. Although no contraceptives were employed, conception had not 
occurred. 

Physical examination revealed a well-developed and well-nourislied Negro female, appear¬ 
ing chronicallj' ill, with mild exertional dyspnea. Temperature was 100.6° F., imlse rate 82 per 
minute, respiration 28 per minute, blood pressure 110/70 mm. Ilg. The positive findings were 
limited to the chest and pelvis. There was a definite respiratory lag with decreased expansion 
of the right hemithorax. The left lung was clear to percussion and auscultation, except for 
a few basilar rhonehi which cleared on coughing. On the right side, there were decreased- 
to-absent breath sounds over the lower three fourths of the chest posteriorly, dullness to 
percussion over this area, and fine rales above the level of dullness. Pelvic examination 
revealed a marital introitus and irregularity of the posterior vaginal wall with slight 
guarding and deep tenderness in the para-uterine area. Except for mild anemia (hemoglobin 
11.0 grams per cent), the laboratory studies on this and subsequent admissions were within 

From the Dciiartments of Thoracic Surgery and Patliology. The Bronx Municipal Hospital 
Center, The Albci-t Einstein College of Medicine, New York, N. Y. 

Received for publication Aug. 7, 195S. 

*Fellow- of tlic American Trudeau Society, Medical Section of the National Tubercu o 
Association. 
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normal limits. Repeated sputum cvaminations for acid fast bacilli ucrc negative on smear 
and culture. Tuberculin skin testing with OT 1 10,000 and 1*1,000 was slightly positiic 
Skin tests for liistoplasmosis and coccidiom^cnsis were iicgatirc 

On the day of admission, 1,400 cc of thin, blood), nonclotting fluid was removed from 
the right pleural cavity. The fluid had a total protein of 6 5 mg per cent, 590,000 red cells 
per cubic niilhmeter, and a hemoglobin of 2 4 giama ptr cent Cultures from tins, as well 
as from aR subsequent thoracenteses, were negati\e for pathogens, including acid fast bacilli 
No malignant cells were seen on cytologic e\aniiiiilion Needle biops) of the pleura was 
negative for tumor or tubercles 

X ray studies, which on admission revealed an extensive right sided pleural effusion 
and moderate displacement of tlic heart to the left (Pig 1), showed no evidence of under 
parencliyraal disease following thoracentesis 

The removal of the pleural fluid aiToided relict of ‘x itimil dyspnea, but this recurred 
as the fluid rapidly reaccumulatod and 11 da>a later h{« it 1 llioracentesis jieldcd 900 cc 
of similar fluid Tlie redevelopment of hemorrliagic | lein I effusion throiigliout the 10 
months of observation at this institution was a serious probli i nctessitating a total of five 
thoracenteses TJio accumulation of fluid and concomitant li pim could not be related 
to the menstrual cjclc. 

Tomographic and fluoroscopic stud es demonstrated pcoi delineation and irrcgulant'i 
of the right diaphragm with diminished excursions, suggesting tlic possibilitj of neoplasm 
of the diaphragm or pleura in this region A diagnostic pneumoperitoneum was induced 
and radiographic studios demonstrated tlucKcnmg of the right diaphragm with irregularity 
and scalloping (Fig 2) Films taken the next daj demonstrated a right liv Jiopncmnotliorax 
and partial collapse of the right lung (Fig 3). Ihc passage of air from the pcritoneil 
caMtj to the light pleural space was of considerable interest ns it demonstrated the presence 
of a definite communication between these sites There was no endcnco of such a coramuiiica 
tion with the left pleural space 

In iieiv of the failure to obtain a dcflmtnc diagnosis, an open right thoracotoraj was 
performed on No'. 8, 1957 Two small cjstic structures were looscl) attached to tJic parietal 
pleura, one at the le\cl of the fifth nb posteriorly, and the second on the dome of the dia 
pliragm. One of tlio cysts was opened and contained a small amount of chocokitc colored 
material There were numerous )cIIow pink, slight!) raised and irregular plaques on the 
parietal pleura, and these became most numerous and confluent over the surface of tlio 
diaphragm The visceral pleura was unremarkable The diaphragm was, opened and no 
disease was demonstrated in the muscular poitiou or on the inferior surface The liver and 
gall bhadder were ii€gati\e Abdominnl masses could not be palpated and there w.as no 
fluid in the peritoneal cavit) Both c)sts were removed with an attached portion of parietal 
pleura Postoperatucl), a small amount of fluid rcaccumulated m tlie chest, but this 
stabilized and the patient was discharged on Dec 11, 1957, upon her own request 

The gross specimen consisted of two oval cvatic structures whicli measured 1 5 and 2.3 
cm in greatest diameter Tlie external aspect of each was smootli and gra) white, with a 
resilient, gra) white wall 1 to 2 mm in thickness. Tlie inner lining of each c)st was smooth 
and shiny and the lumina contained bloody serous fluid One of the structures was attached 
to a flattened portion of sniooth, gray white pleura which averaged 2 mm m tiuckiuss and 
measured 2 cm in greatest dimension. Tlie microscopic diagnosis w is *‘c)sts lined bv dense 
fibrous tissue showing frequent liemosidenn laden phagoevtes, suggesting orgnmnng lie rnor 
rhago TIio possibiht) of cndomotriosis cannot be ruled out” (Figs 4 and 5). 

Tlio patient was readmitted cu March 31, 1958, when piogrc''Sivcl) severe i xertional 
dyspnea was noted and x ray studies revealed further incrciiso of the right pleural effusion 
Thoracentesis )ieldcd 1,200 c c of thin, blood), nonclotting fluid 

Beciuse of the diagnosis of possible cndometno^sis of the pleura, gvneeolog.e consulta 
tion was obtained. Tlie uterus was slight!) enlarged, irregular, and in almost tiurd degree 
retroversion. A 3 b) 3 cm nodule projected from the right side of the uterus and a firm 
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Fig 1.—Roentgenogram at the time of admission sliowlng riglit pienral effusion. 



Fig. 2. Fig. 3. 

Fig. 2.—Roentgenogram following pneumoperitoneum showing irregular thickening and 

scalloping of the diaphragm. hvdro- 

Fig. 3._Roentgenogram after institution of the pneumoperitoneum shoeing in i 

pneumothorax. 
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6 by 4 cm. nodule was palpated on the left, apparently in the broad ligament, ^'lierc was 
nodularitj' and tenderness in the cul-de-sac. A hysterogrcam demonstrated a filling defect 
in the posterior ivall of the uterus; the fallopian tubes appeared normal. Culdoscopy was 
incomplete due to obliteration of the cul-de-sae. 

The patient was discharged on May 15, 1958, and readmitted for the third time on 
Juno 1, 1958, for exploratory laparotomjn On the next day, 815 c.c. of thin, hemorrhagic 
fluid was removed from the right pleural space. Uterine curettage and biop.sy of the 
posterior vaginal wall revealed late secretory endometrium without tubercles and chronic 
inflammation of the vaginal wall. Pleural fluid reaccumulated rapidly, and 8 days after 
the previous thoracentesis 900 c.c. of thin bloody fluid was removed. On the following day, 
exploratory laparotomy revealed fallopian tubes that wore patent but adherent to the 
posterior aspect of the ovaries. The ovaries were adherent to the region of the cul-de-sac, 
which was obliterated by marked inflammatory reaction. There were 100 to 150 c.c. of 
brownish fluid within the pelvic cavity. A 3 by 3 mm. bluish nodule, suggesting endome¬ 
triosis, was adherent to the appendix. Biopsies were taken of scattered plaques of hemor¬ 
rhagic tissue on the surface of the tubes and ovaric.s. A 2 by 2 cm. bluish cystic structure 
was removed from the omentum. Histologic examination of these biopsies demonstrated 
endometriosis (Pig. 6). Surgical sterilization was not performed. 

A trial of Enovid therapy (17 alpha-cthynyl-17-hydroxy-5 [10]-cstrcn-3-one w'ith ethynyl 
estradiol 3-methyl ether), 10 mg. per day, was instituted in an effort to obtain suppression 
of ovarian function and to prevent the rcaccumulation of pleural fluid. Since discharge 
from the hospital on June 21, 1958, the pleural effusion has not reappe.ared and the patient 
is being followed in the outpatient department. 

DISCUSSION 

Ttvo histologically proved cases of endometriosis invohdng the pleura have 
been reported previously. Brews^ mentioned a 39-year-old woman, with ascites 
and right pleural effusion, who had diffuse abdominal endometriosis, involve¬ 
ment of the right diaphragm, and a small communication between the pci’itoneal 
and right pleural cavities. The patient was well for SYz years foUowdng irradia¬ 
tion of the ovaries. Pleural involvement by endometriosis is not documented. 

Barnes- and Nicholson^ separateh' presented the same case of a 25-year-okl 
married nulliparous woman who had recurrent hemorrhagic pleural effusion. 
At thoracotomy, a yellow “pellicle” was stripped fi'om the right lung and 
microscopic sections show'cd typical endometrial tissue. A 200 mg. pellet of 
testosterone was implanted subcutaneonsly and she "was advised to become 
pregnant. She apparently Avas unable to conceive and subsequently had re¬ 
current pleural effusion. Oophorectomy Avas ultimately performed and en¬ 
dometriosis of the pelvic peritoneum AA^as found. 

Lattes and a.ssoeiates,^ AAdiiie presenting a case of endometriosis of the 
lung, referred to a report by Biingeler and Silveira® of a 42-year-old Avoinan Avho 
died of “chronic pneumonia.” Both pleural caAuties Avere obliterated and there 
Avas histologic eAudence of endometriosis in three small nodular masses on the 
right upper pleural surface. Biingeler and Silveira® attributed the pleural 
endometriosis to metaplasia or heteroplasia of the pleural mesothelium. Accord¬ 
ing to this theory, peritoneal endometriosis is derived from metaplasia of the 
peritoneum. Since both mesothelial spaces arise from a common anlage, the 
embiyonic coelomie cavity, it seemed reasonable that pleural endometriosis 
might similarly be the result of metaplasia. 
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Lattes'* described a Sd-year-old Avoman Avitb hemoptysis associated witli 
menstruation of 3 years’ duration. Roentgenograms of the lungs shoAved a 
coin lesion and the resected specimen contained endometiaum AAith decidual 
reaction of the stroma; pleural involvement Avas not mentioned. The patient 
apparently' Avas cured l)y pulmonary resection. The authors believed that the 
lesion resulted from hematogenous spread and implantation of endometrium 
during a prCAdous cesarean section and uterine curettage. 

Charles® described a case of ascites and hemorrhagic pleural elfusion in a 
33-year-old nulliparous female AA'ith diffuse abdominal endometriosis established 
by exploratory laparotomy; a right salpingo-oophorectomy Avas performed. One 
year later, ascitic fluid reaecumulated and there AA'as such diffuse peritoneal 
disease at the second laparotomy that removal of the remaining ovary Avas im¬ 
possible. Pleural effusion had not recurred since the first hospitalization. The 
author postulated that fibrosis of the pleuroperitoneal sinuses had noAV pre- 
A'ented transdiaphragmatie transfer of ascitic fluid. Postoperative irradiation 
AA'as administered to the remaining OA'ary. The patient remained asymptomatic 
during a one-year follow-up. Unfortunately, no histologic evidence of pleural 
involvement by endometriosis is presented. 

The presence of a communication betAA'cen the pleural and peritoneal caAuties, 
demonstrated by the prompt development of a right pneumothorax folloAA'ing 
diagnostic pneumoperitoneum in this ca.se, is of considerable interest. Sampson’s 
theory that peMc and abdominal endometidosis results from the retrograde 
expulsion of endometi’ium into these areas through the fallopian tub&s may be 
applicable in this case. Extension into the thorax is made possible by the 
presence of a communication through the diaphragm. 

SUMMARY 

A case of endometriosis iiiA'oh'ing the pleura is reported. The patient had 
recurrent hemorrhagic pleural effusion, increased menses associated AA'ith moder¬ 
ate abdominal pain, and inability to concerie. The diagnosis Avas considered 
clinically and confiimed by histologic examination of tissue from the pleural 
and peritoneal caA'ities. Diagnostic pneumoperitoneum Avas folloAved promptly 
by pneumothorax, indicating the presence of a communication betAA'een the 
right pleural and peritoneal space, and permits the application of the implan¬ 
tation theory in explanation of this unusual site of endometriosis. 

Tavo documented eases of pleural endometriosis and one of endometriosis 
of the lung are cited. 

This pathologic process should be considered in a young AA’oman AA'ith re¬ 
current hemorrhagic pleural effusion of obscure etiology. Early treatment, 
directed at suppression of ovarian function, AA'ill provide relief of the debilitat¬ 
ing synnptoms secondary to the continuing accumulation of the irritating bloody 
fluid in the pleural space. 

AYo are indebted to Mr. Milton Kurtz wlio is responsible for the illustrations used m 
this paper. 
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Lattes^ described a 34-yeai'-old woman with hemoptysis associated •vntii 
menstruation of 3 years’ diiration. Roentgenograms of the lungs showed a 
coin lesion and the resected specimen contained endometrium with decidual 
reaction of the stroma; pleural involvement was not mentioned. The patient 
apparently was cured l)y pulmonaiy resection. Tiie autliors believed that tlie 
lesion resulted from hematogenous spread and implantation of endometrium 
dming a previous cesarean section and uterine curettage. 

Charles® described a ease of ascites and hemorrhagic pleural effusion in a 
33-year-old nulliparous female with diffuse aljdominal endometriosis estaldished 
by exploratory laparotomy; a right salpingo-oophorectomy was perfomed. One 
year later, ascitic fluid reaecumulated and there Avas such diffuse peritoneal 
disease at the second laparotomy that removal of the I’emaining ovary Avas im¬ 
possible. Pleural effusion had not recurred since the first hospitalization. Tlie 
author postulated tliat fibrosis of the pleuroperitoneal sinuses had noAV pre- 
A'ented transdiaphragmatie transfer of ascitic fluid. PostoperatiA^e irradiation 
Avas administered to the remaining ovary. The patient remained asymptomatic 
during a one-year folloAA'-up. Unfortunately, no histologic evidence of pleural 
involvement by endometriosis is presented. 

The presence of a communication betAveen the pleural and peritoneal cavities, 
demonstrated by the prompt development of a right pneumothorax folloAAung 
diagnostic pneumoperitoneum in this ease, is of considerable interest. Sampson’s 
theory that pelvic and abdominal endometriosis results from the retrograde 
expulsion of endometrium into these areas through the fallopian riibes may be 
applicable in this ease. Extension into the thorax is made pos-sible by the 
presence of a communication through the diaphragm. 

SUMMARY 

A case of endometriosis inA’olAung the pleura is reported. The patient had 
recurrent hemorrhagic pleural effusion, increased menses associated Avith moder¬ 
ate abdominal pain, and inability to conceiAm. The diagnosis Avas considered 
clinically and confinned by histologic examination of tissue from the pleural 
and peritoneal caA'ities. Diagnostic pneumoperitoneum Avas folloAved promptly 
by pneumothorax, indicating the presence of a communication between the 
right pleural and peritoneal space, and permits the application of the implan¬ 
tation theory in explanation of this unusual site of endometriosis. 

Tavo documented cases of pleural endometriosis and one of endometriosis 
of the lung are cited. 

This pathologic process should be considered in a young Avoman A\dth re¬ 
current hemorrhagic pleural effusion of obscure etiology. Early treatment, 
directed at suppression of ovarian function, will provide relief of the debilitat¬ 
ing symptoms secondary to the continuing accumulation of the irritating bloody 
fluid in the pleural space. 

We are indebted to Mr. Milton Kurtz wlio is responsible for tlie illustrations used m 
this paper. 
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falls \eiticalh in an o\jgen atinosphcie, the snifaee tension on the falling sail 
face at the gas blood intciiace holds the siuface led cells latlici iigidlj in posi 
tion so that theie is little, if am, mixing ot the siiifaeo Mitli cells deepoi in tlic 
falling film So, no mattei how Jong the icitieal fall of the film, the suiface cells 
become satuiated quite eaily in the fall while the deep cells receive essentially 
no contact with oxigen Of coiiise, if the falling film can bo made tuibnlent, 
with complete mixing into the smface film dining its fall, the oxigen uptake 
should be eiioiinouslj incieased Tlicie is some ciidence that a scioen suiface 
produces enough tuibulenee to piodiiec some mixing but the data of Oaeitnoi 
and seem to show that mixing on a seiccii is not complete, because oxjgon 

uptake 01 er the fiist part of a fall gicath cxceided the uptake oi ei the last pait 
at all gn en flow lates 

Howei ei, tuibulenee fiom a lough suiface is not the only waj to mix sui 
face and deep blood in a filming sjstem Thcic aie piobabh niaiij wais, but 
one ivliieh we have found lathei sitisfactoii in piacticc is to pioduco lapid 
changes in the thickness ot the film and let the blooil iiiii down in lathoi thick 
ivaves, one waio following thi othei A smooth plastic suiface on which a blood 
film IS piodueod bj a slowh moiiiin oscillating ict allows blood oxjgoiiatioii 
with appioximatelj the same efflcioiici as a scieen suiface We linic, tlieio 
foie, been able to pioduco a filming si stem in which blood is laid down on a dis 
posable iinvl suiface In a moimg low picssuie tot This basic si stem appeals 
to us to letam the dcsiiable fcatuies of other filming sistcms, and to liaio the 
gieat adiantago that it can be cssentiallj pietabiicated and then disposed of 
after use 

I 

DESCRIPTION OF \PP\R\TUS 

The Oxygenating llmt —Oxigenation is aeeompbshcd bj a blood film 
spiead on the inside of a senes of partly inflated polyvinjl bags, each 76 cm 
long and 40 cm wide The bags aie coiistnicted ot a specialli jiiepaicd poh- 
iinjl sheeting which is extiemeli hidiophobic and is cssentialli fiee of soluble 
pkistieizei * The bigs aie nisei ted into a Lueitc letainiiig fiaine and then in 
flated against the fiaine with oxygen coiit.aiiiing 6 per cent carbon dioxide 

Blood IS iiitioduced into the top of each bag thiough a silicone tieatid glass 
manifold ending in a \ shaped distiibuting tube foi each big The distiibiiting 
Y tubes oscillate oi lock back and foith inside the bigs and spiead the blood 
into an eieii film on the inside ot the bag at the top The appiiatus is shown 
diagiammatioally in Figs 1 and 2 

The bottom of each big acts as a blood icseiioii and diaiiis into a common 
collecting manifold Blool is coiitinuoiish withdiawn fiom the collecting inaiii 
fold and pumped back to the distiibuting tubes at the top ot each b ig, to mam 
tain the film Thcie is no bubbling oi foaming and so no antifoain is used 

I'hc Pumpi and Cathetci<t —The pumps aie the rTibbon tipe eonsistiiig of 
soieial paiallel tubes piesscd hi a leioliing pan of lollci-s It is, theiefore, 
scieial parallel inimps, depending on the numbii of tubes piesscd bi the same 

•ManuCactureG CuUer Labor ilorlc's I-ourth anG Parker Streets Derkekj Calif 
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A rtificial lungs or oxj’genators usuallj’- form llieir blood-gas exchange surface 
in one of tliree ways: (1) by bubbling gas through blood,(2) by filming 
blood over a large surface area,'*" or (3) by spreading blood between two thin 
diffusion membranes.® Of these methods, the bubbling method is by far the 
simplest but many Avorkers have found filming metliods (usually using station¬ 
ary screens or rotating disks) more satisfactory. The membrane oxygenators 
in tui’n may Avell be superior to filming sj’'stems but they have jiarticular prob¬ 
lems of their oivn in manufacture. Design of an oxygenator, like the design of 
an airplane, requires that the designer list his desires in some order of priority 
and then reach a difficult compromise between extremes. 

We have previously described a filming oxygenator which handled blood 
with very low measurable damaged®- For this reason and because experi¬ 
mental results were excellent, we have felt that it has been Avorth AA-hile to sacri¬ 
fice some of the fine simplicity of the bubble-oxygenator for the apparently 
better results of a filming system. 

In the requirements for a practical blood oxygenator, cleanliness and dis¬ 
posability rank very high. It is essential to a successful perfusion that all 
surfaces AA-hich the blood touches be pyrogen-free and scrupulously clean. We 
haA-e, therefore, evoh-ed a filming oxygenator in AA'hich the filming surface is of 
vinyl plastic film, so that the “artificial lungs” can be supplied sterile and ready 
to use and then be thrown aAA-ay after use. 

It has been shoAvn that in stationary- filming systems, a smooth filming sur¬ 
face is less efficient than a “rough” sui-faee in alloAA-ing oxygen uptake. Glibbon'- 
and, also, Gaertner and Kay^® demonstrated the increased efficiency of screen 
surfaces OA-er simple flat ones. The best explanation for this is that Avhen a film 
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falls \eiticalh in an o\igen atmosplieie, the sniface tension on the falling sur 
face at the gas blood iiiteiiacc holds the suifacc icd cells lathci iigidlj in posi 
tioii, so that tlioie is little, if am mixing of the smfaec with cells deopei in the 
falling film So, no inattei how long the iciticnl fall of the film, the siiiface colls 
become satinated quite early in the fall while the deep cells receive essentially 
no contact with oxvgen Of eoiiise, if the falling film can he made tiiibiilent, 
with complete mixing into the snitacc film dining its fall, the oxvgen iiptahe 
should be eiioinioiislj iiicioased Thoie is some evidence that a scieen sinfaee 
piodiices enough tiiibiileiice to piodnee somi mixing, but the dita of Gaeitnoi 
and Kaj'“ seem to show that mixing on a scieen is not complete, bceaiiso oxvgen 
uptake ovei the fiist pait of a fall gieatlv exceeded the uptake ovei the last pait 
at all giv on flow rates 

How ev ei, tiiibiilenee fiom a loiigli suifaee is not the only waj to mix sin 
face and deep blood in a filming svstcni Theic aio probiblv mam wavs but 
one vvlneli we have found lathei satisfactoiv in piactice is to piodiice rapid 
changes in the thickness of the film and let the blood luii down iii lathei thick 
waves one wave following the othei A smooth plistie sin face on which a blood 
film IS piodiicod bj a slowlv moving oscillating jet allows blood oxvgoiiatioii 
with appioximatelj the same clfieiencv as a seiecn sinfaco We have, tlicio 
foie, been able to piodiice a filming sjstcm in which blood is laid down on a dis 
posable vmjl suiface bv a moving low picssine ict This basic svsiom appeals 
to us to letain the dcsnablc fcatuies of othci filming svstems and to have the 
gieat advantage that it can be cssentiallj picfabiicated and then disposed of 
after use 

UEfeCRiPTION OF \PPUIUUS 

The Otugenahng Unit —Oxvgciiation is accomplished by a blood film 
spiead on the inside of a senes of partly inflated polvTunyl bags, each 7G cm 
long and 40 cm wide The bags aic constiiictcd of a specially piopned polv 
viiijl sheeting which is exticmclv hvdiophobic and is cssentiallj fiee of soluble 
plasticirei * The bags aic nisei ted into a Lucite retaining fiaine and then in 
flated against the fiaiiie with oxygen containing 6 per cent carbon dioxide 

Blood IS intioduced into the top ot each bag thiough a silicone tieatod glass 
manifold ending in a t shaped distiibutmg tube foi each bag The distiibutiii 
y tubes oscillate oi lock back and foith inside the bags and spiead the bloi 
into an cv eii film on the inside of the bag at the top The apparatus is sh 
diagianunatically in Figs 1 and 2 

The bottom of each big acts as a blood lesenoii and diaiiis into a cm moil 
coltectmg manifold Blool is toiitiinioiislv withdiawn liom the collcttuip n am 
fold and pumped back to the distiibutmg tubes at the top ot each bag to main 
tain the film Thoi c is no bubbling oi foaming and so no aiitifoain is used 

The Pumj)'! and Catheters —The pumps aie the Gibbon tvpe consisting of 
seveial paiallel tubes piessed bv a icvolving pair of lolleis It is, theicfoic 
seveial paiallel pumps, depending on the mimboi of tubes picssed bv the 
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rollers. We use one tube or pump for eaeli set of two or three huig-bags; all 
these pump-tubes being driven by the same roller, as shown in the diagi*am. A 
separate Gibbon roller-pump drives the arterialized blood back to the patient. 
The original Gibbon pumps were designed to press on rubber tubing, but wc 
have modified ours to use disposalfie plastic tubing. Our basic flow pattern is 
essentially the Gibbon system. In use, the recirculating or oxygenating pump 
is set to run at a constant speed, while the arterial ptnnp is either directly con¬ 
trolled by the operator or linked to the venous return by the automatic control 
system to be described below. 

Collection of blood from venae eavae lias been through soft plastic cathetei's 
of appropriate size, introduced through purse-string sutures in the right atrium. 
These catheters come together to a Y-conneetor and drain bj' gravity to one end 
of the collecting manifold of the pump-oxygenator as sho^™ in Fig. 2. A study 
of the flow diagram (Fig. 2) will show that venous blood cannot pass in any 
qiiantity from the venous end of the collecting manifold to the arterialized end 
without passnig over the oxygenating film in the bags. Arterialized blood is 
collected from the other end of the manifold and passed through a combined 
filter and bubble trap. The return to the patient is through a stainless steel 
catheter in the femoral artery. All metal parts are treated -snth IMonocote^® 
prior to each use. 

The Electronic Control System .—The lung-bags and their input and output 
tubes are held as described before in a Liicite-retaining frame. This frame is 
suspended from a pair of spring-steel arms with strain gauges placed at their 
bend-points. Essentially, these spring-steel arms form the bending beams of a 
delicate scale whose sensing element consists of the strain gauges. Weight of the 
entire system is indicated on a Brown indicator-controller which is electrically 
linked to a motorized variable transformer in such a way that if the weight on 
the entire lung unit with its blood reservoir drops below a preset value, the 
output rate of the arterial pump is ijroportionally reduced, until it is finally 
stopped. Therefore, the weight (hence the volume) of the blood in the lung and 
reservoir system controls the output of the arterial pump. If the amount of 
blood in the system decreases below the chosen setting, the output Avill be re¬ 
duced and the level of blood in the lung will be maintained constant. This 
means that the arterial pump will not suck air if the input to the lung decreases 
so that the blood reservoir level falls, and it also allows the operator to maintain 
a very accurate balance between blood in the machine and blood in the patient. 

Each pump is operated at a speed which can be manually A'aried by the 
operator. They are driven by direct current motors draAving poAA'er through ap- 
propiiate rectifiers from an alternating current 110 volt source. Speed is con¬ 
trolled by A'ariable transformers altering the voltage of the motor armatures. 
An alternate control-box, draAving from the hospital emergency direct current 
supply, has been provided in case of poAver failure. 

♦Manufactured'by Armour & Company. Division of Armour & Company, Kankakee, IH. 
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TECHKICAL DETAILS OP APPARATUS AND PROCEDURE 

The arterial pressure is monitored hy polyeth34ene tubing inserted into the 
internal mammary aileiy. Tliis avoids extra skin incisions and, once inserted, 
causes no further difficulties. 

TJie venous pressure is monitored bj- a polj-v'inyl catheter inserted through 
the long saphenous vein in the groin. This vein is used for tAvo reasons: because 
it is immediately adjacent to the femoral artery Avhich is exposed for the ar¬ 
terial return from the pump and because it lias been particularly valuable to 
leave this catheter in position for the first 24 hours. Concentrated solutions, 
such as 10 per cent calcium chloride, can tlien be given Avith no fear of throm¬ 
bosis, as the tip of the catheter rests in the inferior vena cava. The conceivable 
hazard of emboli has not so far occurred in our experience. Removal of the 
catheter is performed Avith the patient in a slight Trcndelenberg position, A\dheh 
is maintained for 10 minutes. Siuprisingl.y, no troublesome hemorrhage has re¬ 
sulted from this maneuver. 



Fig-. 3.—Two sizes of venous catlieters witli tlie T-connectors. Tliese have been ^luto- 
ciaved with small Z’ubber band near tip. Tlie fourth has been cut wJjere tlie band was to lorm 
a whistle-tip ready for use. 

For the AvithdraAval of blood fi’om the A-enous side of the patient, polj'Aunjd 
catheters are chosen of a size as large as can be inserted into the vena caA'a Aua 
the right atrium. This is of considerable importance. Some difficultj’’ Avas en¬ 
countered in the earlier eases in this series, before the importance of a large 
Amnous return Avas realized. Aiia' size tubing can be made to haAm a AAffiistle- 
tip end if a constricting rubber band is placed around it before autoclaving. 
The end bejmnd the constriction is cut off right at the narroAV point just before 
the catheter is used. Pour large side holes are made near the tip of each tube. 
The catheters are joined to a length of 7/16 inch polyAunj'l tubing by means of 
steel Y-tips A\nth an air vent on the top. All air can be aspirated through this 
vent AA'ith a sj'ringe. The air vent is equipped AAoth a small occluding plug to 
prevent aspiration of air, if a tap is inadA-ertently opened (Fig. 3). The arterial 
side of the pump-oxygenator is connected to the patient by 5/16 ineli polyAunjd 
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tubing A steel catheter apinoximatelj li/4 inches long is inseitcd into the com 
mon lemoial aiteii A set of vaiioiis sires of these tathetois aliens a suitable 
one to be chosen so that it is as laige as can be tasih inserted into the aitcij 
If too laigo a eatliotei is foiced into the aiteii, it has boon found that the 
sti etc lung lesults in spasm pioximal to the cathetei and a lonei flow is allowed 
than with a smallei cathetei nlneli slips in easilj The niseition ot a icasonabh 
laige cathetei is assisted eaicfiil dissection of tbe feinoial aitoij and tbc use 
of papaieinio, both ot nhieli picient spasm of the icssol The cathetei is tied 
in with Iiear^ biaided silk oiei a slioit piece of latex tubing to pieient damage 
to the \essel and it has been felt impoitant that the similai tie which occludes 
the distal end of the aitcii should also be caiiiod aiound the caniuila to Keep 
it aligned eoiioctlj in the wound We have not found it necessary to inseit 
a long cathetei into the fomoial aitciy with its tip Ijing in the aorta, as a pei 
feotlj adequate flow can be maintained thiough a shoit cathetei and this \oij 
shoitness keeps the lesistanec as small as possible Steel catheters aie connected 
bj means of a shoit length of 5/lG inch pohinnl tubing to a steel coiiiioetoi 
with ail ail lent on the top and then to the tubing fioni the machine An is 
easilj lemovod by means of a sjiingc fiom this point, small bubbles which adlieie 
to the side of the tubing being dislodged hi tapping the tubing with a clamp 

Mam ol oui fittings aic adapted fiom tbosi used at the Maio Clime All 
aie the lesult of oxtensue tiial and ciioi Haul cxpciionco has taught us to 
gne caieful attention to small details ot design and technique 

CORONARX BLOOD RE TURN 

Most eaidiotoinies in this senes wcie peiioimcd with induced caidiac ariost, 
using potassium citiate, so that the coionaij iciioiis ictiiiu was leduced Yet, 
sometimes, e\on when the licait was stopped, theie was a laige intiacauliac lo 
tuin iioin an aheiiant icsscl .md, ol coiiisc, when the lieait was not stopped, 
coionaiy xenons rctuiii was iioimal Raielx an mtiaeauliac blood flow of up 
to 1 5 L pel minute has to bo sucked out ot the open licait 

When laige flows haxe to be aspiiated fiom the open hcait, it is ohxiouslx 
necessaij to lotuin this blood to the gcncial ciieuit In eailici woik, we hid 
difficulties following such laige “coioiiaix icluiiis’ which we felt might he 
attiibuted to an embolism fiom bubbles tiapped m the sucked blood Wo now 
belioxo that the letuin ot aspiiated blood must ho ticated as a inajoi piohleni 
and must be eaiefullj engineeicd 

Two coionaij suckeis aie axailable, one high piessnic and one low picssiirc, 
eithei of which maj bo used depending upon the amount ot toionaij ictiiiii 
One tip IS specially adapted so that it can be left inside the licait ncai the laig 
est souico of blood such as inside the light atiiiira, the otliei is a sliglitlx modi 
fied sHigical suction tip foi cleanng the aetinl point on winch the siiigcoii is 
woiking These two so[)aiate suetioii lines lead to scpaiate jncces of tubing on 
a thud Gibbon txpe pump, winch discliaigc into a silicone coated glass iisciioii 
Blood IS allowed to stand in this icseixoii as long as povsiblc hffoic being dis 
cbaiged back into the gcneial eiicnit, to allow small biibb' ’’w ixs 

maintain sexeial mebes ol blood m tins leseixoii, so as ii< 
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be attl’ibiited to the method of bypass. In most experiments, there was no at¬ 
tempt to maintain sterility (becanse of personnel shortage). Several dogs died 
of infection several days after the operation. Using then the 2-day survival 
as the end-point, only one of the 13 animals died and this was an animal in 
which the tricuspid valve was removed surgically. He died rather rapidly in 
acute right ventricular failure. Each animal was sub,iected to ventriculotomy. 
The average duration of the ventriculotomy was 14 minutes. Seven out of the 
13 animals went into ventricular fibrillation briefly when the blood was re¬ 
admitted into the coronary arteries. This fibrillation either reverted spon¬ 
taneously or was easily reverted to normal rhythm by electric shock. It was 
never a serious i^roblem. 

ResuUs in Patients .—The apparatus has been used during intracardiae sur¬ 
gery on 70 patients. Details of thc.se operations will be the basis of another 
communication. It is appropriate to say that this series of patients included 
both children and adults with diagnoses ranging from congenital heart disease 
to tumor of the heart. Some were in extremely poor condition when surgery 
was undertaken. Of these 70 patients, 18 died. The other 52 are living and 
improved or essentially cured. The great ma.]ority of deaths have been in pa- ’ 
tients with severe pulmonary hypertension, or in severe failure at the time of 
operation. 

Severe bleeding has not occurred except in one case in Avhieh, on a second 
thoracotomy, a leak was found in the ventricular incision. The leak was re¬ 
paired and the patient did well. Postoperative fever has rarely been a serious 
problem, although a temperature rise of 1° 1o 1.5° C. is rather common. The 
patients have usually been eating on the second or third postoperative day and 
have been ambulatory on the cightli or ninth day. 

SUMMARY 

A filming oxygenator which is almost totally disposable is described. 

In basic plan, it resembles a Gibbon oxygenator, but the screen filming sur¬ 
faces of the Gibbon lung have been replaced bj’’ disposable vinyl plastic bags. 

In use in 70 patients, severe postoperative reaction or bleeding, traceable to 
the oxygenator, has not occurred. 
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peripheral iirfiltration of granulocytic leukocytes. Other pertinent findings were: subtotal 
liysterectomy, salpingectomy, ovariectomy, mild abdominal adhesions, pulmonary edema, con¬ 
gestion and atelectasis of the lungs, fatty metamorphosis of the liver, and atrophy of the 
islels of Langerhans. 


DISCUSSION 

After the advent of commissurotomy, attention -was called to arterial em¬ 
bolism due to dislodginent of red thrombi from the left appendix. Later, it 
became evident tliat the same complication could be produced by freeing of bits 
of calcium following instrumental fracture of a calcified mitral valve. Tech¬ 
nical devices have been adopted hy Bailey and his associates' in order to reduce 
the frequency of this risk. In discussing his 20 eases of systemic embolization, 
occurring during or after operation, Ellis' described four factors accompanying 
arterial embolism in commissurotomy: (1) previous emboli, (2) auricular fibrilla¬ 
tion, (3) thrombosis of appendage, and (4) calcific valve. He noticed also that 
the incidence of embolization increases when more than one factor is present. 
He stated that, in a total of 20 instances of embolization complicating valvotomy, 
5 patients had calcific mitral stenosis as the onlj' factor which could account for 
embolism. He gave no anatomic account of the tjqie of embolism in such cases. 
In our ease, there are two factors which can be considered as possible compli¬ 
cating phenomena: (1) the presence of red and gray left atrial thrombi, and 
(2) the calcification of the mitral valve. Histologically, the right cerebral ar¬ 
tery, which had no arteriosclerosis at all, contained hyalinizcd, calcific material 
and a blood clot which was fresh and must be considered simply as a thrombus 
foi’ined in situ once the embolic occlusion had occurred. The sections of the 
artery distal to this point contained a fresh clot, considered as the tail of the 
thrombus. In such an extensive infarction, we cannot exclude the possibility 
that the arterial occlusion was due to dislodgment of both atrial thrombi and 
calcific emboli. However, there is striking evidence that part of the embolus 
was formed by bits of calcium whose only source is to be considered the 
mitral commissure at the site whei’c the fracture of the valve was performed. 
During the operation, before splitting the mitral commissures, the circulation 
through the carotid arteries was shut off. The patient was also considered to 
be in good condition postoperatively, even though it was difficult to make a 
definite statement because she was still under the effect of the anesthetic. It is 
possible that the embolism occurred Avithin the first few hours folloAving sur¬ 
gery. However, it might have occurred also during the operation and the 
embolus dislodged into the cerebral vessels through the incompletelj'^ closed 
carotid arteries. We do not know Avith certainty hoAV great the threat of cal¬ 
cific emboli during or folloAving commissurotomy might be. Probably such kind 
of emboli are much more frequent than is knoA\m, since serious effects occur 
onlj^ on lodgment in a fcAv locations. Anyone Avho is familiar Avith fibrocalciflc 
deformities of the mitral valve, in cases of chronic and healed rheumatic dis¬ 
ease, knoAVS hoAV friable the calcific material is Avhich is deposited in the mitral 
cusps and in the annulus fibrosus. We Avould like to call attention to the fact 
that such calcific deposits are dystrophic in nature and never become organized. 
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probably because of the dofieienej of blood siipph to the \ahulai leaflets 
These deposits aie easily sloughed off even tilth a minimal picssuie In the 
examining fiiigei, once the ring has been cut thiough or exposed In fiactiiie 

sutiti \RX 

A ease of arteiial embolism and ensuing ceiebial infaictioii iclated to 
mitial lahotomj and piotcd to be the lesult of dislodgment of pieces oi calcium 
fiom the calcific niitial ring, has been discussed A highei incidence of such 
a complication is piobablv to be expected eonsideiing the pathogenesis of such 
a type of embolism, in patients uiidcigoing opeiative manipulation of a calcific 
t alt e of the heart 
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TRAUMATIC VENTRICULAR SEPTAL DEFECT 
Report of Two Cases 

Gilbert S. Campbell, Al.D.,* Robert Veraier, ALD., Richard L. Varco, M.D., 
and C. Walton Lillehei, M.D., Minneapolis, AMnn. 

T hk increased frequency of i*apid deceleration accidents, the increased con¬ 
sciousness of possible cardiac trauma, and the successful surgical correction 
of congenital ventricular septal defects in numerous patients has resulted in a 
renewed as well as an increased interest in post-traumatic or acquired ventric¬ 
ular septal defects. 

Tlie fii’st case in which the diagnosis was established by cardiac catheteriza¬ 
tion was reported by Guilfoil and Doyle in 1953^ although, as early as 3847, 
Hewett reported 5 cases of rupture of the heart and large vessels as a result 
of injuries." One patient in Hewett’s report was a 5-year-old boy who was run 
over bj' a heavy cart which pas.sed over his chest and the boj" died 30 minutes 
later. Necropsy revealed a rupture of the ventricular septum at the union of 
the lower third to the upper two thirds of the septum through which the tip 
of the little finger could be passed. During the next 50 years other reports of a 
ruptured ventricular septum appeared and, in 1952, Pollock, Markelz, and 
Shuey^ reviewed and reported 12 cases from the literature on this subject and 
added one case of their own. Other reviews or case reports have also been 
made.'*'^® 

The purpose of this report is to present data on the first case of traumatic 
ventricular septal defects to be successfully closed surgically.^^ Also, we shall 
present follow-up information on another patient, the first case of diagnosis by 
cardiac catheterization,^ who was subjected to a repeat cardiac catheterization 
recently at the University of Minnesota Hospitals. 

CASE REPORTS 

Case 1. —A IS-year-old Negro boy was seen in tlie emergency room of tlie University of 
Arkansas Hospital on Sept. 11, 1954, with tlie following note from his referring physician in 
Pine Bluff, Arkansas: "The above jmtient (C. B.) was admitted to Davis Hospital on August 
16, 1954, following an accident in wliieh he apparently was thrown from an ice tiuck, strik¬ 
ing a bridge. On examination it was found that there was partial atelectasis of the left 

From the Department.? of Surgerj- and Pediatrics, University of Minnesota Hospitals, 
Minneapolis, Minn. 

Received for publication Aug. 28, 1958. 

‘Present address: University of Oklahoma itedical Center and Veterans Administration 
Hospital, Oklahoma City, Okla. 
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lung nncl the patient wa** spitting blood when 1 h* coiiglicd. At this tune a loud, hnisli murmur 
could be lieaid all o\oi the iirocordium and the ^vond ‘sound uas faint but clear. Ilis prog 
loss ^las slou but definite impro^oment nn«? note«l ind he ua'* di‘‘cliarged 2ool to return to 
the ofiice, Ailiiolf lie did not do until toda^> At this tune lie ai’peai'. to htuc con¬ 

gestion in both bases, an cnlaiged li\ei and an enlarged heait. TJiu miirnuu has not changed, 
lie IS referred for diagnosis and tieatment *’ On this \isit to tlic cmeigoncy room he uns 
tliought to bo 111 congestive heart faihiic, with maiKed eauliomcgal} both clinically and ladio- 
giaphically. Unfortunateh, lie was not admitted to the hospital at this time. However, sub 
sequently ho was referred back again on 8ept 14, 1^4, at which time he was admitted to the 
Pediatiie Service of Universitv ot Aiknnsas Hospital 

Jdmr^sioii Tfis/oii/.—The bo^\ (0 It ) was appaieiirlv in excellent health until the time 
of his accident on Aug. 10, 1054 llo states that tlie rear wlicol of the truck inn over his 
chest (although a witness denies this) lie attempted to vvalk awa}' from the scene of the 
accident but “blacked out” and was nnawaie of his sunoundings until after he had been 
jdaeod in Davis Hospital, wheie he remained 0 davs Pollowiug termination of hospitalization, 
he cxporieneed mild orthopnea, mild exertional dyspnea, continued mild hcjuopt.vsis, question¬ 
able palpitation, and cough. All these sviuptoms were improving and he stated that he felt 
bettei at the time ol Ins admission here than .it .inv time sin<’t his accident. 

Past Ui^toiy —Tliorc was no )u«toi.v of pievious symptoms or signs of rlicura.itic fever. 
The patient had had lare bouts of tonsillitis He had had pneumonia at Z >ears of age and 
ho had had mumps and cinekenpox He was well developed, physically being larger thou 
average in both lieiglit and muscular development 

Family Bxsto\y. —Tin* patient is the vounge^t of twelve ehildion. The rest of the his 
toiy was not icvculiiig. 

jldmvssvon rhvjsvcal Examination and Subsequent Couisc.—The patient vvus tin extrenveij 
vvoll developed and well nomished bo> who was not in acute distress. Tlicre wore moist r.“iles 
at lioth lung bases. The point of maxinial impulse was m tlic sixtli left intercostal space at 
the anterior axillary line A svstolie thrill was palpable over the entire precordium. He 
liad an extremely loud pulinnnarv second sound The puDc rate was about SO per minute, 
svsteinic blood pressure vvas tH)/C0 mni. Hg, and tlic rcspiintorv rate 18 to 20 per minute. 
The liver could not be palpated but theie wa'* tendciness and muscle guarding ovci the livci 
area. Thcic was a definiti* hcimtojugular reflux A slight amount of prctibial odema was 
present and there was distention of the neck veins. The patient could ho flat in bod fairly 
comfort.ablv. A chest film t.xkcn on the dav of a«lnus-ion revealed an enlarged cardioperi- 
cardial silhouette with evidence of congestive heart failure and minimal right pleural effusion. 
Hemogram was not leniarkable; no niieniia, Icukocvtosis, oi clev.ited sedimentation r.itc was 
noted The initial clinical impiession was of iheiuiiatic carditis with congestive lieart f.iilure, 
and tlic patient was digitalized and pl.iced on a low salt diet. His lesponsc was very pooi. 
Moicunal diuretics weic lolativel^v inefFcctivc Cortisone was given ovci a 2 week period, 
also, without visible responso In \jcw of the continuing increase in the si/e of the heart, 
demonstrated on serial roentgenograms, the pooi response to bed rest and digifabzation, the 
persistent lack of anemia or Icukoevtosis, niid an antistieptol;sin 0 titiT of .lO Todd units, 
it vvas thouglit that iliouniatic c.irditis (which had never been an eiilirelv satisfactory diag 
nosis) was unlikely and that jiorlmps tnaunintic heart disease was a pO'-sibiUtv. Serial idcctro 
cardiograms had unifoimh shown a first degree A-V block (Digitoxin had already been started 
when the first electrocardiogram was obtained) and persistent Q waves in Loads TI, ITT, and 
AVp, consistent with a postenoi wall ventricular lesion. 

On Nov. 19, 1954, 3 months after the aceident, cardiac cnthcleriz.ation wa« performed 
and the results are shown in Talile I 

The initial chest roentgoiiogranis taken at Pine BIulT, Ark., at the tunc of the accident 
showed tlie cardiopeneardnil silliouette to he within noriiinl limits as to sj/o and contour. 

On r^Iaicli 10, 1955, the patient, 13 vears of age and weighing Til Kg. was admitted to 
tlie University of Minnesota Hospitals for surgical eoireetion of Ins traumatic ventricular 
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septal defect. The findings described by the University of Arkansas were confirmed and on 
March 23, 1955, the patient was taken to the operating room. Upon opening the chest 
through a bilateral anterior thoracotomy (fourth interspace) with transverse sternotomy, 
numerous adhesions wore encountered in the pleural spaces and between the parietal and 
visceral pericardium. An intense thrill was readily palpable low in the right ventricle. The 
patient was subjected to total cardiac bypass, utilizing a Sigmamotor pump and biologic mem¬ 
brane oxygenator.il Eight ventricular cardiotomy revealed a main defect low in the septum 
near the apex of the heart which was the size of a quarter (measuring about 2.5 cm.). This 
defect had firm scarred margins unlike any congenital defects seen prior to that time or 


Table I 


SITE 1 

PRESSURE, MM. llg 

1 OXYOEN CONTENT, VOL. % 

Superior vena cava 


9.2 

Right auricle 

+4/~-i 

8.9 

Right ventricle 

62/0 

14.2 

Pulmonary artery 

70/24 

14.1 

Femoral artery 


15.5 

Systemic blood flow 

2.40 L./inin. 


Pulmonaiy blood flow 

11.24 L./min. 


Shunt blood flow 

8.76 L./min. 



since. There were, in addition, two smaller satellite defects each 3 to 4 mm. in diameter in 
the immediate neighborhood. These defects were closed with multiple interrupted silk sutures 
(2-0). The duration of the total cardiopulmonary bypass was 20 minutes. The much enlarged 
heart immediately became visibly smaller and the thrill disappeared. Extracorporeal flow 
rates varied between 11 and 18 c.c. per kilogram in this 55 kilogram boy. Upon termination 
of the cardiopulmonary bypass, the arterial oxygen content was 22.7 volumes per cent, with 
an arterial blood pH of 7.1. Witliin an hour, tho arterial pH had returned to a normal level 
as adequate correction of the septal defect with good postoperative circulatory state permitted 
a rapid and spontaneous correction of the metabolic acidosis by the patient. The patient 
awoke immediately from anesthesia and following an uncomplicated postoperative course was 
discharged from tho University of Minnesota Hospitals on April 20, 1955. 

The boy returned to Arkansas and on Aug. 17, 1955, had a cardiac catheterization per¬ 
formed at the University of Arkansas. TIic findings are sliomi in Table II. 


Table II 


SITE 1 

pressure, mm. Ilg 

1 OXYGEN CONTENT, VOL. % 

Superior vena cava 

6/3 

15.6 

Inferior vena cava 

7/5 

16.3-15.6 

Right atrium 

5/2 

15.1 

Eight ventricle 

28/0 

17.7 

Femoral artery 


20.6 

Systemic blood floiv 

2.90 L./min. 


Pulmonary blood flow 

5.47 L./min. 


Shunt blood flow 

2.57 L./min. 



It can be seen that the patient still has a small shunt postoperatively but his pulmonarj' 
pressures were now normal and his exercise tolerance has returned to normal. The transverse 
diameter of his heart was 19 cm. before operation and w'ithin 6 months postoperatively the 
transverse diameter of the heart had decreased to 16 cm. Postoperatively, he was not dyspnsic 
after exercise and showed no signs of cardiac failure. However, there is some dyspnea with 
prolonged activity such as basketball playing. 

Case 2.—0. T., a 25-year-old ex-soldier was admitted to the University of Minnesota 
Hospitals on Jan. 9, 1957. He had been in an automobile accident on July 9, 1951, while on 
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ictive duty in tlie armed forces and folloiiing; this accident a ventricular septal defect i\as 
discolored Catheterization findings of Aug 29, 1951, liavo been proviouslj reportedi and 
are sliomi in Table IH 


Table III 


SITE 

PPESSURE, MM Kg 

INSTANTANEOUS | MEVN | 

0 CEN CON TEN T, \ 01 % 

Superior vena CT^n. 

7 

11 2 

Right atrium 

65 

12 5 

Riglit ventricle 

27/6 15 


Right ventricle, mid 


14 3 

Right ventricle outflo^^ tract 


140 

Pulnionarj arterj 

27/15 21 


Pulmonary artery, nutm 


14 

Pulmonary arterjjlcft 


14 2 

Sjstcniic blood flou 

0 0 L /min 


Pulmonary blood flow 

16 3 L /min 


Sluint blood flow 

10 3 L /mm 


Repeat cardiac catheterization was carried out at the 1 n:\ersitj of Minnesota Ilospit ils 

on Jan 10, 1957, and the«o findings are shown in Table IV 



Table IV 


SITE 

1 IPESSURE, MM Hg 1 OWCEN CONTENT,\0r % 

Superior vena ca^a 


253 

Right atrium, upper 


15 S 

Right atrium, mid 


1C3 

Right atrium, low 


123 

Right ^cntncle, mid 

36/4 

200 

Pulnionarj aiterj 

14 4 

278 

Femoral artery 


19 0 

Systemic blood flow 

5 9 L /mm 


Pulmonarj blood flow 

141 L/mii« 


Shunt blood flow 

8 2 L/mm 



It should bo noted th it the pulmonary artery pressure has not changed since the earlier 
catheterization Sr/, years preiiouslj Heart fluoroscopy rciealed a normal transierse diameter, 
mildly accentuated pulnioiiari inscularity, and moderate riglit ventricular onl irgeincnt He 
ivas diagnosed as hai ing functional Class I to II heart disease 


DI&CUSSIO^ 

Tiio cases of tiaiirnatic 10111110111.11 scpt.1l defect liaic been leiieiicd In 
the first ease the defect iias siieli that the boy slioiied lathei niaiked pidmoii.iii 
liypeitcnsion mth a laige left to light shunt Tins boy ivas in obvious caidiac 
f.ailiiie and suigical closiiie of tins defect aias lotoiiimendcd .iiid caiiicd out 
Postopeiatnely the boy has done very ucll althougli a small left to right shunt 
IS still picsent In letiospect, these multiple defects had veiy rigid and scarred 
maigins (completely unlike the congenital lesions) and doubtless some space 
filling substance, such as compiesscd poly 1 my 1 sponge, should have been placed 
(as uoiild he done non) hotueen the defect maigiiis to stimulate deiiosilion of 
connective tissue Ilovvevei, the faettimt the pulmoiiaiy piessuies had returned 
to normal within 5 months aftei opci.itioii is ample indication that the residual 
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leak was small and may close subsequently by deposition of fibrin. Since 3 years 
have now elapsed, a second postoperative catheterization is planned to test this 
thesis. 

The second case is intere.sting in that llie left-to-right shunt and the pnl- 
monai'y artery ])re.ssure have remained at approximately the same levels as re¬ 
flected by cardiac catheterization studies Avbich were done 51 ^^ years apart. 

For the operated patient (C. K.), although the defects were located low in 
the muscular imrtion of the ventricular septum near the apex of the heart, pul- 
monaiw hyperteiision of a rather .severe degree had developed rapidly (ndthin 
12 weeks), doubtless duo to the large .size of the shunt. This same situation has 
been seen a number of times in patients Avith congenital lesions during the pa.st 
4 years and we now know that a A-cntricnlar .sejjtal defect located low in the 
septum is not necessarily benign if large in size. 

It is po.ssible that most of the.se traumatic ventricular defects acquired by 
nonpenctrating trauma to the che.st may be located low in the septum since the 
rupture probably occurs when the exit from the ventricles by Avay of the aorta 
or pulmonary artery is effectively occluded by the crushing force. 

It is interesting to speculate whether the size and location of the defect in 
Case 2 may be of such a nature as to be hemod.Aniamically different from con¬ 
genital ventricular septal defects and from the acquired defects in Case 1. It 
is conceivable that pulmonary vascular changes may develoj^ during the sub¬ 
sequent years in Case 2. although there is no indication thus far for any pro¬ 
gression of the lesion as judged from his cardiac catheterization .studies. 

Surgical coi’rection has been recommended to this patient as an elective pro¬ 
cedure since the risk is now very low (I to 2 per cent) and Avill re.store the 
circulation to normal, obviating .such potential complications as bacterial endo¬ 
carditis or subsecinent cardiac disability with the jiassage of time. 

SUJIM.VKY 

The first jiatient in whom a traumatic ventricular septal defect has been 
successfully operated upon has been reported. An extracorporeal pnmp-oxygen- 
ato3‘ Avas utilized for the total cardiopulmonary by])a.ss. 

Additionally, a follow-up report, including a recent cardiac catheterization 
performed at this hospital, is made upon a second patient, of interest as it Avas 
the first case in AA'hich the diagnosis of a traumatic A’cntricnlar .septal defect Avas 
made by cardiac catheterization. 


KEFEKKN'CES 

1. Guilfoil, P. H., and Doyle, J. T.: Traumatic Cardiac Gcptal Defect: Keport of 

in Which the Diagnosis is Estaldislicd by Cardiac Catheterization, J. TnomAcie bei.c. 
25i 5] 0-515 1953. 

2. Hewett. P. (t.: C’ases of Kupture of the Heart and Large Vessels. The Kcsults of In- 

iuries, Tr. Patli. Hoc. Loud, 1: Sl-S.o, 1.S47. , 

.3. Pollock. B. E., Markelz, E. A., and Shuey, H. E.: Lsolated Traumatic Kupture of tlie 
Interventricular Septum Due to Blunt Force, Am. Heart J. 43: 273-2S.5. lO.oL. 

4 Ivahn M H and Kahn, S.: CardioA'ascul.nr Lesions Pollondng Injury to the Clie. t, 
Ann.’ Int! Hed. 2: 1013-1040, 1020. 



Volume 37 
Number 4 


TKAUJfATKJ VKXrJtlOeLAR SEPTAL DEFECT 


501 


5. Bright, E. F., and Beck, C. S.: Nonpenctrating Wounds of the Heart, A Glinicnl and 
Experimental Study, Ain. Heart .T. 10: 20^5-^21, 1035. 

<t Warburg, E. .T.: Subacute and Chronic Pericardial and ^Fyocardial Lesions l)iio to 
‘ ■^ijiiries, London, 1038, Oxford University Pres-s. 

7. Andt ■ . ' Injuries of the Heart, Brit. Jt. J. 2: 307-310, 1040. 

8. J\laha ' \ ,'‘,*11(1 Creech, O., Jr.; Traumatic A'entricular 8ej)tal 

Defect: Report of a Case Treated Successftillv, J. Louisiana State if. Soc. 109: 
321-.32.5, 1057. 

9. Cary, F. H., Hurst, J. W., and Arentzen. W. R.: Acquired Interventricular Septal I)e- 

feet Sccoadarv to Trauma: Report of Four ra.ses, Xeu* England J. iMed. 258: 
3.55*359, 1958." 

10. Peirce, E. G., II, Dabbs, C. H., and Rau.son, F. L.: Isolated Rupture of the Ventricular 

Sexitum Due to Xonpenctrating Trauma: Repott of a Case TrentctI by Open Ctir- 
diotomy Under Simple Hypothermia, A. il. A. Aicli. Surg. 77: 87-9.3, 1938. 

11. Campbell, G. S., Crisp, X. W., and Brown. E. B.: Total Cardiac By-jiass in Humans 

Utilizing a Pump and Heteiologous Imng Ox\geiiator (Dog Lungs), Surgerv 40: 
3G4-371, 1950. 



MANAGEMENT OF COARCTATION OF THE AORTA IN INFANCY 


JD Mortemen, M.D., P. R. Cutler, M.D., IF. R. Rumel, M.D., and 
L. G. Veasy, M.D., Salt Lake City, Utah 

T he general problem of coarctation of the aorta is rather well understood 
currently by most plij’^sicians and surgeons, thanlcs to the pioneer efforts of 
Gross,Abbott, " Edwards,and others. One phase of the coarctation 
problem, however, remaining poorlj'- understood, hence controversial, concerns 
the infant in congestive heart failure associated with coarctation. The points 
of general agreement relative to such a patient are: first, coarctation of the 
aorta is a common cause of congestive heart failure occurring in the first year of 
life; second, when present, coarctation can usually be recognized clinically if 
considered and looked for in the infant who suffers from congestive failure; 
and third, congestive heart failure in infants who have coarctation of the aorta 
constitutes a serious situation with an extremely high mortality. 

With this rather dismal note, general agreement and rinderstanding of 
the problem deteriorates and we are left with considerable question as to the 
correct answer to such vital qiiestions as: (1) what are the pathologic and 
physiologic explanations for the development of congestive faibire in an infant 
with coarctation? (2) why is this lesion so difficult to manage successful^? 
and, (3) what are the best methods of management of a baby with coarctation 
and congestive heart failure? This communication summarizes our efforts to 
find answers to these three questions, utilizing two sources: a comprehensive 
review of medical literature comprising some 234 such case reports and a critical 
review of our own clinical experience with 20 such cases. 

PATHOLOGIC AND PHYSIOLOGIC EXPLANATIONS 

It appears evident that a completely satisfactory explanation for the de¬ 
velopment of congestive heart failure in infants with coarctation is not avail¬ 
able in most cases. Obviously, most babies born with coarctation make satisfac¬ 
tory physiologic adjustments to the anomalj’' in utero or soon after birth, and 
sjnnptoms only develop later as complications or sequelae from maintaining the 
abnormal phj^siologie state for a number of years. The oft-quoted suggestion® 
that postnatal elosure of a patent ductus associated with coarctation creates an 
uncontrollable strain on the left ventricle, because the previously open ductus 
had prevented the development of sufficient collateral cireulation, is effectively 
challenged by observation that in a considerable number of infants in severe 

From the Departments of Thoracic Surgery and Pediatrics, Latter-Day Saints Hospital. 
Salt Lake City, Utah, and the Rumel Chest Clinic. 
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failure tlie duetus remains ividely patent. Furthermore, a number of infants 
witli congestive failure and coarctation have been demonstrated, eifiier at opera¬ 
tion or autopsy, to have well-developed collaterals. It seems doubtful, tlien, that 
a standard or predictable relationship exists between the degree of collateral 
circulation, patenc3’ of duetus arteriosus, and development of congestive failure 
in an infant with coarctation. 

A factor of considei'able significance, however, seems to be the coexistence 
of other serious cardiovascular anomalies in patients with coarctation. The 
incidence of associated serious defects in infants with coarctation, who develop 
congestive heart failure earlj-, seems to be about 40 per cent,'”' while in 
patients whose coarctation remains aS 3 'mptomatic until later life only about 15 
per cent”' have serious associated cardiovascular anomalies. The compounding 
of two or more tmph3’'siologic situations ma3' precipitate congestive failure in 
early infancy, while a less abnormal ph3'siologic state would permit the cardio¬ 
vascular s 3 ’Stem to remain compensated for a longer time. 

One would expect the degree of constriction present to pla3- an important 
role in the ease with which congestive failure develops. However, there is no 
evidence at present available to indicate that either the narrowness of the con¬ 
striction or the height of the S 3 'stolic pressure can he correlated accurately with 
the time of development of congestive failure. Similarly, it would seem that 
existence of an anatomieall3' high or long segment of consti'iction involving the 
arch of the aorta (the so-called infantile t3’pe of coarctation) should be a more 
serious disorder and cause earlier death. This is probably true. The fact re¬ 
mains, however, that most of the infants with coarctation and congestive heart 
failure ha^'e the short, ductal or postductal (so-called adult t3’pe) coarctation 
and the explanation for cardiac decompensation in such oases is not evident from 
anatomic observations alone. 

A fourth factor that has received little attention in the literature, but in 
our experience may be important, is the basic biologic and environmental difi’er- 
ences in patients. The frequency- and severity of respiratory tract infections, 
the ability of the infant to resist infection, the home environment and hygienic 
care received, the inherent biologic vigor or toughness of the patient, and such 
related factors may play- an important role in determining just which infant 
can make the necessary- phy-siologie adjustments to avoid cardiac decompensation 
while another baby- will succumb to heart failure, both having eomi)arahlc 
anatomic defects. 

REASONS rOR DIPHCULTY IN M.INACEMENT 

Satisfactory explanations for the original development of conge.stive failure, 
as discussed above, would likewise go far to explain why management of these 
difficult problems is so often unsatisfactory-. Until such understanding is 
achieved, we will probably- be unable to explain fully- the extreme difficulty- with 
which these babies are carried through the first year or two of life. It appears 
evident, both from the literature and our own case.s, that respiratory- infections 
constitute particular problems in these babies. Slorc often than not the onset 
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oi! infection in the lungs or respiratory i^assages is aecoinpaniccl by severe con¬ 
gestive iaiinre. Surely, the respiratory infection makes recognition and manage¬ 
ment of cardiac decompensation more difficult. Similarly, with the common 
oceiirrenee of feeding problems, the threat of aspiration, pneumonitis, mahiu- 
trition, and failure of proper growth and development the problem of manage¬ 
ment is further complicated. 

An additional factor in this regard is the common failure of parents, as 
well as pediatric consultants, to maintain adequate digitalization. Once the 
baby seems to be doing well the tendency to omit the digitalis is ever present. 
With rapid growth of the child, the maintenance requirements of digitalis may 
vary considerably. It is well known that re-digitalization is commonly needed 
and that recurrent episodes of congestive failure will occur rapidly if extreme 
care and close observation are not carried out in each case. 

]\Iention should be made of the difficulty in some instances in determining 
accurately the presence of cardiac decompensation in these infants. The clinical 
signs are not always detected with ease, and the differentiation of physiologic 
variations due to irritability, crying, or extraneous factors from pathologic 
signs of congestive failure or respiratory infection may pose real problems. If 
cardiac decompensation is not recognized and the patient is thought to be ill 
from pneumonia, digitalization and diuresis may be neglected or postponed. 
Similarly, if there is respiratory infection which is not recognized because of 
the preponderance of signs of congestive failure, adequate aiitibiotic therapy 
may not be instituted. 

DEFINITIVE JIANAGEIIENT 

All agree that the first consideration in an infant who is in congestive fail¬ 
ure and has coarctation is the rapid and intensive administration of digitalis, 
oxygen, and diuretics. Similarly, all agree that ultimately the constricted seg¬ 
ment of aorta should be corrected surgically, ideally at age 10 to 14 years. How¬ 
ever, the pertinent question remains as to tlie best method of managing the 
infant once he has been digitalized, the infection controlled, and the diuresis 
accomplished. Should the baby be subjected to operation as a means of pre¬ 
venting further episodes of failure and decreasing the hypertension and cardio- 
megaly or should he be managed medically until 10 years of age before under¬ 
going definitive surgery? 

Until recent years, surgical repair of coarctation in infants under one year 
of age was considered technically impossible. In the last 5 years, however, suf¬ 
ficient experience has accumulated to demonstrate that the operation can be 
done, the risk is reasonable, and the results, although not perfect, are usually 
good. During this same period of time, the reports of results from medical 
management of such cases have changed from extremely pessimistic or hope¬ 
less""’ to generally fairly favorable^® and an occasional optimistic attitude.^® 

Review of the literature up to December, 1957, reveals that 234 cases have 
been reported of coarctation and conge.stive heart failure in infants up to one 
year of age (Table I). In 35 cases, the diagnosis was not made before autopsy 
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or for some othei reason adequate treatment rvas not grren and the patient died 
In 134 cases, good medical management nas giren, rncluding digitalis, anti 
biotics, and diuretics rvheii indicated Eiglitr seven (64 9 per cent) of these 
patients died either in the initial or a subsequent episode of congestive failriie 
Si\tv five babies undei one rear of age liave undcigoiic siiigical excision of the 
coarctation after digitali/atioii had been earned out with 24 deaths (36 9 per 
cent nioitalitv) 


Table I Coliected Gases of CovrcrvTio'j of Aoi rv With Coscestive Pvirun Pomng 
FiPST 1EAP Ot IMF 


M\N\OFMENT [ 

(BIBLIOri APHIC\L RFFERFNCFS) jt 

VSF'' J M Ol 11 I 

1 

DF VTJrS 

j AU)IT\IIt\ 

1 (uj ( F s r) 

Kot retogniFed clinic ilh, hence in'idcquittlj 
treated 

(Ref 4, 5, 9, 30, 2S, 32) 



35 

100 

Medical trcitnient 

(Ref 3, 8, 10, 14, 20, Jl, 25, 2C, 28, 30 32) 

184 


87 

61 9 

‘^urffical excision of coarctition 

(Rof 3, 0, 7, 11, 14, 18, 20, >J 28, 2o, 27, 
29, 81, 82) 

()8 


24 

86 9 

Tot il Cases Reported 

284 


14(. 

02 4 

In om own exjieiience (Table II) oiei tlic past 3 veais, we have encomi 
toied 20 eases of coaictation in iiilants nndoi one jcai of age Foiii patients 
vveio asvniptomatie and did not have coiigistive lieaif tailuic leaving 16 cases 
of coaictation and congestive laihiic in nitants np to one vcai of age Tliico 
weie not leeogiiized clinieallv and the patients died without adcrpiate tieat 
iiioiit Five wcio tieated medicallv, of winch one (20 jici cent) died IVc have 
opciatcd on 8 babies with coaictation and coiigtslivc lailiiie nndci one voai ol 
age w ithout a death 

Tahie II Tufxtx C\ses of Co\ict\tiox of 

Aoiiv IN IMVNTS Uxiar Ost Ytvi m \( i 

M\NX(FMENT ] 

MJMBFR OF 

cases 


1*F VTHS 

1 AIOITMIT^ 

1 (in CFXr) 

Isot in failure, hince obser4ation nitliout 
treatment 

4 


0 

0 

Not recogiiizid clniu ill}, lun < inadcqiiitih 
treated 

{ 



mo 

Mtdieal tre itmcnt 

8 


1 

20 

Siirfiii il i\ci‘*iun of ro irtt ition 

S 


0 

0 

Totll ClMs 

20 


4 

20 


These figuies, even tliough tlicv iiiust be viewed witli some lescnation be 
cause ot tlie obvious tailings ol am such hctciogciieoiis eolltctive leview, would 
seem to indicate that bettci lesults arc obtained it infants with foaict.ition and 
fongeslive liiait lailiiio aic tieated snigieallv than In attcmiiting to niaingc 
then caidiovasculai pioblems inedicallv loi sevcial veals until a definitive opci 
ation can be done This contlusion icccives additional support bv leal'' on 
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tliat even if tlie infant survives on medical management his heart rarely de¬ 
creases significantly in size and the blood pressure in the arms and head remains 
elevated, often to a worrisome degree. On the other hand, most infants who 
have surgical correction experience normal or near normal blood pressure post- 
operatively and the heart size decreases, often dramatically (Pigs. 1 and 2). 

The possibility of stenosis at the anastomosis is real when excision is carried 
out in infants. This is known to have occurred in 7 of the 65 cases from the 
literature and is suspected in 2 of the 8 infants we have operated upon. It may 

COARCTATION OF AORTA • ' ” 

K B 2 WEEKS M. 



2-16-56 



Post-Op 

BP =150/95 B.P = l00/70 

FIS' 1.—Effect of surgical repair on heait size in an infant, 2 i^eeks of age, in congestive 
failui e ith coarctation of tlie aorta The preoperative fllm as taken aftei the patient had 
been digitalized Note the niaiked decrease in cardiac size one -week later, after surgical re¬ 
pair. 

be necessaiy in some of these cases for a second operation to be performed to 
achieve permanent relief of the aortic stricture, although we have not seen 
congestive failure redevelop following surgical correction of coarctation, even 
though a difference in blood pressure (signifying restenosis) between anns and 
legs may develop. 

In reporting 8 operations for coarctation in infants under one year of age 
without a death, we do not wish to minimize the magnitude and risk of the 
operation in these tiny infants. There are inherent dangers which must be 
recognized and dealt with properly or the operative mortality would become 
prohibitive. First, the operation must be done expeditiously, without tarrjdng. 
Infants do not tolerate long procedures well and we feel this procedure should 
not require more than 2 to 2^ hours if a satisfactory mortality rate is to be 
achieved. Fluid and electrolyte balance become matters of vital importance 
in these little patients and must be managed exactly. Eespiratoiy difficulties, 
including atelectasis, pneumonitis, and laryngeal edema from the endotracheal 
tube mrrst be prevented or treated vigorously. Technical details are important 
at the operating table, expert pediatric anesthesia is mandatory, and medical 
nranagement by an alert pediatrician is essential if this type of surgery is to 
be accomplished successfully. 
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SUAniARY 

Altlioiif^lv we franklj^ admit our couclusioiis are tentative and may Ije modi¬ 
fied with added experience, our current practice, based on tlie considerations 
mentioned above, is as follows; If coarctation of the aorta is discovered iii 
infants wlio are doing well generally and have no evidence of congestive heart 
failure, the patient is followed carefully without medication but with close 
supervision until approximately 8 years of age Avhen surgical excision of the 
coarctation is carried out. Every infant with evidence of conge.stive heart fail¬ 
ure is examined carefully for signs of coarctation of tlie aoila. "When coarcta¬ 
tion is recognized in such an infant in congestive failure, intensive medical man¬ 
agement with digitalis, diuretics, and antibiotics, Avhen indicated, is carried out. 
If clinical response to medical management is excellent, if blood pressure in the 
arms is under 150 systolic, if the heart is not grossl.v enlarged after complete 
digitalization,^ and if circumstances permit a good long-term medical program 
with frequent recheck examinations, we will consider defeiTing definitive surgical 
treatment until later childhood, the patient being carefully followed on a strict 
medical regimen. All other infants with coarctation of the aorta who have been 
in congestive heart failure are considered be.st treated by .surgical excision of the 
coarctation. Furthermore, if congestive failure recurs in a patient being man¬ 
aged medically, surgical treatment is then recommended. Our present indica¬ 
tions for recommending surgical intervention in an infant with coarctation who 
has been in congestive heart failure are thus summarized as follov'S (Table III): 
fii’st, when medical contx’ol of decompensation is unsatisfactory; second, when 
decompensation recurs on a satisfactory medical program; and third, in an occa¬ 
sional patient as an elective measure when poor medical control is anticipated. 

Table III. Ixdicatioxs fou Surgery in Infants With Co.irctation of Aorta and 

Congestive Failure 

_ INDICATION ___ j NUMBER OF CASES 

Conge.stive failure in first month of life, unsatisfactory medical control 
(Operated early, more or ]e.«s of ncce.«sity) 

Repeated episodes of congestive failure in first year of life; each episode 
responded to intensive medical regimen but poor maintenance control 

(Operated late, as elective means of maintenance management) S 

Single episode of failure at one month of age, responded well to medical 
treatment 

(Operated electively to prevent further symptoms) ___ — _ 

Total Operated Cases _____ 


COXCLUSIONS 

1. Coarctation of the aorta is a common recognizable cause of congestive 
heart failure during the first year of life.. 

2. Prognosis of an infant with coarctation wlio develops congestive failure 
during the first year of life is rather grave. 

3. Under ideal circumstances, eertain infants with coarctation of the aorta 
and congestive failure can be managed by a carefully controlled medical regi¬ 
men until later childhood when definitive .surgical treatment should be carried 
out. 
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REPLACEMENT OF THORACIC AORTA WITH 
ALCOHOL-PRESERVED HOMOGRAFTS 

Thomas C. Moore, Ai.D., and Angelo Riberl, M.D., Indianapolis, hid. 

T he preserved arterial liomograft has played an. important role in the de¬ 
velopment of eiirrently employed techniques for arterial replacement and 
bypass. Although the sjmthetie arterial prostheses have largely supplanted 
the use of preserved homografts, considerable clinical interest still exists in 
the ultimate fate of arterial homografts and in any possible relationship be¬ 
tween the method of preservation and this fate. 

The suitabilitj’’ of 70 per cent ethyl alcohol for the .sterilization and 
preservation of homografts in experimental small artery replacement was re¬ 
ported by the authors in 1956.- The results with alcohol preservation were 
comparable with those encountered when freeze-drjdng techniques were em¬ 
ployed. Except for the study of Kimoto and his associates^ in 1954, relatively 
little has been published in recent j'ears relative to the use of alcohol for homo¬ 
graft preservation and sterilization. 

The purpose of this report is to record the results of the experimental use 
of alcohol-preserved homografts of aorta for replacement of proximal descend¬ 
ing thoracic aorta. The gross and microscopic appearance of the homografts 
was studied at varying intervals, from one day to one j^ear, after placement. 
The replaced segment of thoracic aorta Avas utilized to replace a section of the 
animal’s superior vena cava. The suitability of the fresh autogenous aorta, 
thus obtained, for superior vena caval replacement has been reported in greater 
detail elseAvliere.-’ 

jmaterial and methods 

Healthy mongrel dogs Avere used. The Aveigiit of the dogs ranged from 
12 to 23 Kg. A mixture of oxygen and ether, delivered through an endotracheal 
tube by means of a mechanical respirator, Avas emploj’^ed for anesthesia folloAV- 
ing induction Avith intravenous Pentothal. Hypothermia Avas achieved bj^ im¬ 
mersion of the anesthetized and intubated dog in an ice Avater bath. The body 
temperature generally Avas loAvered to appi'oximately 31° C. 

From the Department of Surgery, Indiana Univer.sity Medical Center, Indianapolis, Ind. 
Supported by grants from the National Heart Institute of the Department of HeaiOi. 
Education and AA''elfare, U.S. Public Health Service, the James AAniitcomb Riley Memorial 
Association, and by a contract between the Office of Naval Research, U.S. Navy, ana 
Indiana University. 
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A left thoiacotomy was caliiecl out tliiough tlie fouith oi fifth iiitoi costal 
space The moie cophalad poition of the descending thoracic aorta uas dis 
seeted tree from surrounding stiuclnres The intercostal aiteiios in this area 
neie duided between ligatures The aorta nas occluded nith Potts coarcta¬ 
tion clamps abo\e and below the sites of proposed tiansectioii The isolated 
segment of aorta uas resected The resected section of aoita genoiallj mensnied 
between 6 and 8 cm in length The lesected aorta uas replaced with an alco 
liol pieseitcd aortic homogiaft of appiovmiatel'i the same length The duiation 
of homogiaft storage and piesciration m 70 per cent etlnl alcohol ranged 
from 6 to 21 dais The alcohol piesei\ed homografts weie iceoiistitnted foi 
one hour prior to use nr a normal salt solution containing stieptomr cm and 
peiiieillin The anastomoses were earned out with a continuous o\ei andoier 
5 0 arterial silk sutuic In all of the animals the 1 omograft appeared to fune 
tion satisfactoiih on completion ol the anastoiuoMs and icmoral of the oe 
eluding Potts clamps The homogiaft was corcinl with adjacent pleuia and 
the left chest was closed in lajcis V cathetoi w is left in the left chest for 
subsequent aspiration 

The resected segment of aorta was used to replace a segment of supenoi 
tena cava through a right thoiaeotomr Pollownng this pioceduie, the dog’s 
tcmpeiatuie was returned to noimal bt immersion in a warm water bath 
Upon completion of the lewarming, both chest catheters were aspirated and 
withdrawn Penicillin was guen foi 4 dais following operation 

RESULTS 

The pioMinal descending thoiacic aoita was resected and replaced with 
an alcohol piescired aoitic homogiaft as desciibed in 31 dogs The patener 
and the gross and mieioscopic appcaiaiicc of the homogiaft weie lurcsfigsted 
in all animals on postinoitem esaminatioii from one dar to one veil following 
opoiation 

The homogiaft had icinained patent in all of the aiiunals (Table I) In 
onh one animal was tlieio a signifKaiit leduction in the size of the lumen In 
this aminal (Dog S21), a large thiombus on the wall of the graft had piodneed 
a 30 pel cent leduction in the lumen of the graft 3 months following opeiation 
Although the periods of alcohol s*oiagc were iclafiieh short, there was no 
apparent affect of the peiiod of picsenation on the ultimate fate of the homo 
graft There was no evidence of homogiaft induced infection 

The duiation of homogiaft placement seemed to be the most important 
factor m the fate ot the giafts Little significant change was encouiitcied 
in the gross appeaiaiiee of the homogiaft duiing the first month aftei opcia 
tioii Howevei, in the intenal from 1 to 4 months, gioss alterations m the 
giaft weie found to occur in a high pci cent of the animals The piiiicipal 
changes were those of intimal louglicmng and ciosion and thrombus foim-ition 
A drffeient typo of gross change was found in animals sacrificed between 11 



REPLACEMENT OF THORACIC AORTA WITH 
ALCOHOL-PRESERVED HOMOGRAFTS 

Thomas C. Moore, Ai.D., and Angelo Riberi, A'LD., Indianapolis, Ind. 

T he preserved arterial liomograft has played an important role in the de¬ 
velopment of currently employed teeliniques for arterial replacement and 
bj’^pass. Although the sjuithetie arterial prostheses have largely supplanted 
the use of preserved homografts, considerable clinical interest still exists in 
the ultimate fate of arterial homografts and in any possible relationship be- 
tAveen the method of preservation and this fate. 

The suitability of 70 per cent eth3d alcohol for the sterilization and 
preservation of homografts in experimental small arteiy replacement ivas re¬ 
ported by the authors in 1956.^ Tlie results witli alcohol preservation Avere 
comparable Avith those encountei’ed AA'hen freeze-diying techniques Avere em- 
ploj’-ed. Except for the studj^ of Kimoto and his associates’ in 1954, relatively 
little has been published in recent j^ears relative to the use of alcohol for homo- 
graft preservation and sterilization. 

The purpose of this rcpoi't is to record the results of the experimental use 
of alcohol-preserved homografts of aorta for replacement of proximal descend¬ 
ing thoracic aorta. The gross and microscopic appearance of the homografts 
AAms studied at A-aiying intei’A’als, from one daj^ to one j’ear, after placement. 
The replaced segment of thoracic aoi’ta AA^as utilized to replace a section of the 
animal’s superior vena cava. Tlie suitability of the fresh autogenous aorta, 
tlius obtained, for superior vena caval replacement has been reported in greater 
detail elseAvhere.® 

JIATERIAL AND ^lETHODS 

Healthj' mongrel dogs Avere used. The Aveight of the dogs ranged from 
12 to 23 Kg. A mixture of oxj^gen and ethei-, delivered through an endotracheal 
tube bj’ means of a mechanical respirator, Avas emplojmd for anesthesia folloAA’- 
ing induction AAuth intravenous Pentothal. Hypothermia Avas achicAmd by im¬ 
mersion of the anesthetized and intubated dog in an ice Avater bath. The bodj" 
temperature generally Avas loAvered to approximately 31° C. 
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A left tlioiacotomj was earned out through the fonilh oi fifth uileicostal 
space Tlic mote cephalad portion of tlie descending thoiaoic aoita was dis 
sected free fiom surioiindmg stiuctuies The inteieostal aitcucs in this area 
were dnidcd between ligatiues The aorta was occluded with Potts coarcta¬ 
tion clamps aboie and below the sites of proposed tiansection The isolated 
segment of aoita was lesected The resected section of aorta goneialh measiiied 
between C and 8 cm in length The icsccted aoita was leplneed with an alco 
hoi preserved aoitie homogiaft of appioMmatelj the same length The diiiation 
of homograft stoiage and pieservatioii in 70 pei eent etlivl alcohol ranged 
from 6 to 21 davs The alcohol pi esciwcd homogiafts weie leconstitiitcd foi 
one lioui piioi to use in a iioinial salt solution containing stieptoni>oin and 
penicillin The anastomoses weie earned out with a continuous ovei and over 
5 0 aiteiial silk siitiiic In all of the animals, the I omogiaft appealed to func 
tion satisfactoiilv on completion of the anastomoses and lemoval of the oc 
eluding Potts clamps The homogiaft was coveted with adiaeent pleura and 
the left chest was closed in lavcis A cathetei was left in the left chest for 
subsequent aspiration 

The resected segment of aoita was used to leplace a segment of superioi 
v'ona cava thiough a light thoiacotomy Pollowing this pioeedure, the dog’s 
teinpeiatuic was returned to noimal bv immcision in a vvaini water bath 
Upon completion of the levvaiiiung, both chest cathetcis were aspirated and 
withdiavvn Penicillin was given for 4 davs following operation 

RFS0LTS 

The pioMinal descending thoiacic aorta was leseoted and leplaced with 
ail alcohol picseived aoitic honiogiaft as dcsciibed in 31 dogs The patenev 
and the gioss and micioscopic appcaiaiice of the homogiaft were investigated 
111 all animals on postmoitem evamimtioii fiom one dav to one jeai following 
opeiation 

The homogiaft had lemained patent in all of the animals (Table I) In 
onlv one animal was tlieic a significant ieduction in the sire of the lumen In 
this animal (Dog 821), a laige thrombus on the wall of the giaft had produced 
a 30 pel cent reduction in the luiiicn of the giaft 3 months following opeiation 
Although the peiiods of alcohol s'oiagc ivcie iclativclv short, theie was no 
appaicnt affect of the peiiod of picseivatioii on the ultimate fate of the homo 
giaft There was no evidenee of homogiaft induced infection 

The duiation of homogiaft placement seemed to be the most important 
factoi in the fate of the giafts Little significant change was encounteied 
111 the gross appeaiance of the homogiaft diuiiig the fiist month after opera 
tioii Howevei, in the iiiteival from 1 to 4 months, gloss alterations in the 
giaft weie found to occui in a high per cent of the animals The piincipal 
changes were those of intimal lougliening and erosion and thiombus formation 
A diffeient tjpe of gioss change was found in animals saeriflced between 11 
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Table I. Summ.uiy op Results op Expekimextal Use op Alcohol-Preserved Homorp^pts 
OP Aorta for Replacement op Thoracic Aorta 


! 

1 

DOG -YO. 1 

INTERVAL 
OPER.VTrON TO 
AUTOPSY 

PERIOD OP 

homograft 

STORAGE IN 
ALCOHOL 
(DAYS) 

GR^VPT 

PATENCY 

REMARKS 

806 

1 (lav 

9 

Patent 


836 

1 (lav 

21 

Patent 


838 

1 (lav 

0 

Patent 


S45 

1 (lav 

9 

Patent 


855 

1 (lav 

0 

Patent 


824 

2 (lavs 

10 

Patent 



3 (lavs 

9 

Patent 


876 

5 (lav.s 

6 

Patent 


805 

5 (lavs 

6 

Patent 


SOS 

7 (lavs 

9 

Patent 


843 

7 (lavs 

13 

Patent 


SSS 

8 (lavs 

14 

Patent 


830 

12 (lavs 

9 

Patent 


825 

14 (lavs 

21 

Patent 


812 

30 (lavs 

15 

Patent 


817 

33 (lavs 

11 

Patent 

Intiinal loughening 

853 

34 (lays 

16 

Pat(Mit 

Intimal roughening with areas of 
tlirombosis 

887 

34 (lavs 

14 

Patent 

Thrombus on graft wall 

855 

37 (lav.s 

16 

Patent 

Intimal roughening with areas of 
thrombus formation 

831 

2 md. 

16 

Patent 

842 

2 mo. 

9 

Patent 

Thrombus on graft wall 

871 

3 mo. 

12 

Patent 

Intimal roughening with areas of 
tlirombus formation 

7S7 

3 mo. 

11 

Patent 


821 

3 mo. 

6 

Putont Large fhrom?nis on vrnll wtli re¬ 
duction in size of lumen 

813 

4 mo. 

15 

Patent 

Intimal roughening with areas of 
thrombus formation 

828 

7 mo. 

15 

Patent 


Sol 

11 mo. 

6 

Patent 


862 

11 mo. 

16 

Patc>nt 

Extensive calcification of graft 
with earlv aneurvsm formation 

872 

11 mo. 

12 

Patent Areas of graft calcifieation 

826 

12 mo. 

15 

Patent Extensive atheromatous degenera¬ 

tion with dilatation of graft 

827 

12 mo. 

15 

Patent Areas of graft calcification 


and 12 months following operation. Atheromatous degeneration, calcification, 
and graft dilatation were the gross alterations discovered in 4 of the 5 animals 
in this group (Fig. 1). 

It is of interest that the resected segment of fresh autogenous aorta Avhich 
was used for superior vena caval replacement had not only remained patent in 
all of the animals but also had remained free of degenerative changes, cal¬ 
cification, fibrotic narrowing, dilatation, and thrombus formation in all. To 
illustrate this observation, it may be noted that the gross appearance of the 
fresh autograft of aorta in the critical area of superior vena caA’al grafting 
contrasts sharply witli the appearance of the alcohol-preserved honiograft of 
aorta utilized in the less critical area of aortic replacement in the same animal 
(Dog 862) one year after operation (Fig. 2). 

jMicroscopie study of the homografts revealed rather constant findings. 
The grafts remained acellular and relatively amorphous. The amorphous 
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appeaiancL meieased with the passage ot time and was associated with a sig 
iiiheant deeiease iii the tluelaiess ol the giaft wall (Fig 3) There was no e\i- 
dence, in anj of the sections studied, ot significant laseulai oi eelhilai iii- 
giowth into the homogiatt, eitlici fiom the host aiteit at tlio site of anastoino 
SIS 01 tiom the Ii\ing host tissues adtaeciit to tlie oiitei wall ot the giaft 
(Fig 4) 



operation 



Fjp. 2 Photoirraph of nortic lioinocraft U'joI for norllc rppKccmont (wloit) nn 1 tiojtlt 

autotrift UHul for sui prior xona replacfnitnl (fr/oir) In panic tnlmai 11 tn >ntl s 

follow Inc or»eration Tho extensive calclflc'vtion and ancnr>««niij dilatitlon of the li inocrift 
arc in markc I contr ist to the normal ippcni infv of tli»* uitof,rnft 
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Fig. ,9.—Pliotonilcrocrmplis, at the .same nmgniflciUion. illu.strating’ the dcgroc of homo- 
(jraft thinning (/J) in coinpari.son witii adjacent normal lio.st aorta (A), 3 2 montiis after 
graft placement. 










C./' 






Fig. 4.—Pliotomicrograpli showing junction line (orrow.^) between liomogr.ift 
host aorta (rioht), 12 montiis after operation. There i.s no vascular or cellular infeioivtu in 
the homograft from either the host aorta or adjacent ho,"t connective tl.ssuc. 
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DISCUSSION 

The obseivation in this study that all 31 alcohol pieseived aoitic homo 
grafts remained patent in the thoracic aoita from one claj to one jeai after 
placement suggests that the alcohol method of pieseiving aoitic homogiafts 
may be, at least, as suitable as the fieczcdijing method The peiiod of time 
the giafts MCie stoied in alcohol, within the limits of this studi, did not appcii 
to affect the fate of the giafts Similai tmdings ucie iccoided bi Kimoto and 
his associates' in 1954 Thei emploted both 70 pei cent cthrl alcohol and puie 
ethjl alcohol foi aoitic hoinogiaft picsonation ind utilired poiiods of giaft 
stoiage in these concentiations of alcohol langmg from 9 to 2G9 dais An 
anahsis of then icpoited results rerealb the t«o concentiations of aleoliol to 
be equallv cftcctire The peiiod of stoiage m tl < ii studr did not aiipcar to be 
a factor in the success oi failuie of the giaft with icspect to the ictcntion of 
patener Tuentv of the 22 alcohol piesened amli< homogiafts used In them 
foi aoitie leplaeement icmained patent Oiih G of then animals ■noic followed 
in excess of 100 daj s 

AVhile retention of giaft pateiicj does not si cm to be a pioblem in the 
leplaeement of segments of thoiacic aoita 'uith Jiomogiafts, the oceuiicme of 
degeneiatne changes uith the passage of time docs pose some leal piobhms 
These degeneiatne changes include calcification thinning and dilatiition ol 
the giaft The lelatnelj amoiphous, acelliilai chaiacter ol the giaft and its 
apparent “sequestiation” fiom suiiouuding host tissues, with the abscnio of 
host saseitlai and cellulai ingron-th, 'ucie icgaided ns significant factois in the 
dcielopment of these changes Szilagn and Ins associates' hare lecenth ic 
poited similai distuibmg elianges in human aiteiial homogiafts 

The degeneratne homogiaft changes encoiintcicd in this studs fell into 
thiee lathei distinct peiiods Little altciatioii in the gioss appeaiaiice of the 
giaft uas found m the first month aftci opciatioii, uhcicas giafts eximmed 
betMcen 1 and 4 months aftei iilaccmcnt slioucd a high incidence of intiiiial 
ciosion and ulceiatioii and thiombiis foiniation These changes ueio not eii 
counteied in grafts examined 11 and 12 months following opciatioii In these 
giafts, the significant degeneiatne changes wcic those of giaft thinning with 
localized oi geneial dilatation, athciomatous plaque foimation, and cahififa 
tion 

An unusinl oppoitunits was offcied in this studs to eompaie the fate of 
fiee giafts ot fiesh autogenous aoita and that of piesened homogiatts ot aoita 
wlieii both tspes of graft were used for rasculai loplacemcnt m the sinic an 
imal The fiesh autogiatts were emploied with success in the supeiioi leiia 
eaia a critical aica foi lasculai replacement where homogiafts of aoita ha\e 
been showui to be unsuitable The fiesh aiitogiaft, with its stiuctuie and tolls 
intact, remained a pait of the Ining oiganisni and its supciioritv was nidi 
cated by its fieedoni fioni the piogressnc degeneiatne changes wliitli alllicted 
the gicat majority of the alcohol picseived homogiafts 



516 


AlOORK AiS'l) JUISHIU 


J. TIitjr.icic SurK, 
April, 1959 


SUMMARY 

Tlic use oi' ilk'oliol-prescrved lioiiioj^nii’ts of uoila for the I'eplaccincnt. of 
6 to 8 cm. resecicd se<>iuen1s of proximal descendiji”’ tlioracic aorta in 31 dogs 
i.s repoi'led. In all a?iimals, the liomograft wa.s paleiil at tlic lime of post¬ 
mortem examination, from one day to one year after operation. Despite this 
satisfactory I’etention of graft patency, a number of disturbing degenerative 
changes were discovered in a large per cent of grafts examined over one month 
after placement. Intimal ero.sion and ulceration with thrombus formation 
were encountei-ed in the eai-ly months after operation, while graft thinning and 
dilatation -with calcification and athei-omatous plaque formation occurred 
later. There was no microscopic evidence of vascular or cellular ingrowth in 
any of the grafts studied and the homogi'afts appeared to be, in effect, 
“sequestered” from the host organism. The fate of the alcohol-preserved aortic 
homograft in the thoracic aorta is compared ulth that of the free graft of fresh 
autogenous aorta used for superior vena caARiI re])lacemcnt in the same animal 
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STUDIES OF THE CORONARY CIRCULATION 


I The Surgical Anatomy of the Right Coronary Artery of the Dog 
and the Effects of Acute Ligation 

Knut Haegei, ffl D ,* Alalnio, Sueden 


T hf iMroiii of the eolonal^ aitmes in tl dog has been studied b} 
seieial aiithois^ '' ' These authois gen lallj agiee that the light 

eoionaij aiteiy aiises iiom the loiti luai the nglit antciioi cusp, and runs in 
the atiioveutuculai giooxe nhtic it bitmcates into two imin blanches One 
blanch unis along the antcuoi poitioii of the light iciitiicle and the inaigo 
acutns The othei inns to the posteiioi put of tlic light side ot the hcait 
Pianetto states the external diamctei ot the iinni stem of the aitiij is be 
tn een 1 0 and 1 3 iniu 

Aintc ligation of the light eoioiiaic aitcij geneially onuses seieio 
tionble Poitei" ligated the light coioiiau aitcij in 11 dogs and obsened 
caidinc standstill In 2 animals, caidiac standstill Mas folloMcd bi lentiie 
nlai fibiillntion The ultimate fate of the dogs snuiiing the aento insult 
Mas not lepoitcd bj the anthoi Colinhcim and con Sehnltess Roiebberg' 
legnlailj obseiied loiitiienlai fibiillation aftei the ligation of eitliei of the 
two majoi eoionai} aitoiics Smitli” ligated the light eoioiiaiy aitoij of 8 
dogs He noted foui iiiiiiiediate and tliico late deaths, one animal snuned in 
excellent condition Paiade’ ligated the iiteu of 3 dogs, one died of sen 
tinnlai fibiillation, and the otbci 4 died xcilbin 48 honis Dundd and Essex" 
ligated the light aitcij in 21 dogs, 5 of these died Mithiii 4b honis aftei the 
opeiation IIoMCiei, 1C of then dogs sunned in good condition The Mid 
\aiiitioii in the incidence of centiiculai fihiillitiou and eaih death found i 
the alxnc papeis is pioliahlj explained bj a iccent repoit hi llilch and 
issociatis Those autliois lepoitid that, folloMing hgation of a inajoi < a 
nail aiten, anj slight somatic stimulation leadili induced icntiaeulai f mil 
latiou Also iTuamclla and comoiKois’ sticss the main laiaable-s 01 tcutc 
ligation of a coionaij aiteii and the diftcicnt lesnlts that iiiaj be * htair^ 

In diftiiint opeiatois 

The puipose of the picscnt icpoit is tuofold ^\c ^ ish to dcsiriK "" ' 
is appaienth a common laiiant of the classical description of the extreme ' 


Uilel In I trt b\ n Kinnt in nil rtom the American lle-rt Vr«ocJatIon 
Kecelvea Cor iniblicntion Sett 1- I9->8 

•HnIXil Sell n ■» the VT'L'.r,!* nr Cpioia lo yrhn! JlMicIm Dent- 
llie Dei)artniGnt of 1 xpprjin ntil s»jrKt.r> Mlm'inna Sjuktus*-!, jlaim • 
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distribution of tlie right coronary artery. In addition, Ave wish to demon¬ 
strate the consequence of this anatomic variation on the effect of acute liga¬ 
tion of the right coronary artei’y and some of its branches. 

METHOD 

This reijort includes observations on 90 dogs; 83 Avere mongrels and 7 
were trained greyhounds. All animals Avere anesthesized Avith intravenous 
Nembutal in a dosage of approximately 30 mg. per kilogram and Avere arti¬ 
ficially respired Avith oxygen by means of an automatic, intermittent po.sitive 
pressure respirator. All operations avci-c performed under completely aseptic 
conditions. The chest Avas entered by Avaj'’ of right thoracotomy at the level 
of the fourth or fifth interspace. After slitting the pericardial sac, the extra¬ 
mural anatomy of the right coronary artery Avas noted. Any A'ariant from 
the classical description of this Amssel Avas sketched immediately folloAving 
surgery. 

After tracing the course of the right coronary artery, cither the main 
stem itself or one or more of its branches Avas ligated. Since these experi¬ 
ments Avere undertalten as a emitrol to other experiments invohdng the in¬ 
sertion of a plastic tube into the right coronary artery, those animals sub¬ 
jected to ligation of the main ])ranch of the right coronary artery Avere also 
subjected to manipulations simulating the insertion of a plastic tube into the 
artery. We have called this a sham operation. 

FolloAving this procedure the animal Avas Avatched for a short period of 
time to see Avhether early A'entrieular fibrillation developed. The thoracotomy 
Avas closed, and the animal Avas gNcn supporthm postoperative care. Only 
those animals suiwiving in good health for ijeriods of longer than 7 days Avere 
included as survivors. Those animals .succumbing to late death Avere autopsied 
to determine presence or absence of myocardial infarction. 

RESULTS AND DISCUSSION 

The Anatomy of the Bight Coronary Artery. —As a rule, the distribution 
of the right coronary artery Avas found to be in complete agreement Avith the 
obseiwations of the authors just quoted. In most of the animals, the branches 
Avere distributed as shoAvn in Fig. 1 and diagrammatically in Fig. 2, A. The 
tAvo dominant branches of the artery are the ramus marginalis acuti (No. 5 
in Pig. 2) and the ramus circumflexus dexter (No. 7 in Fig. 2). In some dogs, 
hoAvever, the ramus ventriculi dexter anterior (No. 4 in Pig. 2) Avas very Avell 
deAmloped, Avhereas the ramus marginalis acuti Avas less pronounced. This 
distribution is depicted in Pig. 2, B. Table I shows that, of the 83 mongrel 
dogs observed, the ramus ventriculi dexter anterior Avas the dominant anterior 
liranch of the right ventricle in only three instances. However, this Avas the 
dominant anterior branch in all 7 of the greyhounds observed. This difPer- 
ence in right coronary distribution, greyhound versus classical, has certain 
surgical implications Avhieh shall be discussed later. 
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Tabu I I)o^II^A^T A^^rRIO^ Bi vnoii op tiif Siciit CoroNAr\ Antri op rar Don 




1 OOMININT ANTrPIOr IlRtNCII 

“SlfCIES” 

NU'IBCP 

RAMUS MARCIN AI IS 
ACUTI 

RAMUS VFNTPtCULI 
T>F\TER ANTFPIOr 

Sloiigi el" 

S. 

80 

*? 

Grej hounds 

7 

n 

7 

Totils 

90 

S(l 

10 


In most of the dogs obsciAcd, the dianutcr nt the main stem of the light 
coionaiy arteij was Mithiii the limits staticl In Pianctto'' In some dogs, 
howpvei, the eYteinal diametei ot tlu aiten « is found to c\ceed 2 mm and, 
in a fen eases, a plastic tube nith an oiitsuh dnmetci of 2 43 mm could be 
casih thieaded into the lumen 



Fife 1—TUt normal anatomj of the rfi,ht coronmj artcn In the «lop Tin. iii,ht iiultulii 
appendage is turned upw »rd to expose the proximal part of the artery 

The Effects of Acute Ligation of the Eight Coionaty Aitciij —Tlie lesnlts 
ol 16 sham opeiations, including complete acute ligation of the light coionaij 
aitei^, aie shonn in Table II Thus, in this sciics, 15 out of 16 dogs died 
witlun the first 24 houis after ligation, and in 4 of the 5 animals snniMiig the 
operation, light mjoiaidial infaietioii nas picscnt at autopsy 


Table IT Bfsults Of Shim OrmTios IsciuDiso Totil Acutp Lkatios or tiil Bioiit 

CorON \l \ Vl TFPt 


FtTi ov TIIF nor 

1 >,1 MUM 01 PK s 

VentriruKr fil nllation 

11 

Died witimi 24 hours 

4 

SurM^ 'll 

1 


Diuiiig the coiusc ol oui expelimcnts, it «as observed that no harm foU,, 
loned ligation of the smallci blanches oiigiiiatiiig from the p''"imal e 
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tlie arteiy (Nos. 2, 3, and 10 in Fig. 2), Branch No. 2 was ligated five times, 
No. 3 was ligated in 60 dogs, and No. 10 in 40 dogs. In no instance did these 
ligations result in alteration of cardiac rhythm or in the development of myo¬ 
cardial infarction. 

The procedure for placing a tube in the light coronary artery, to be de¬ 
scribed in a subsequent paper,' requii-cs ligation of tlie ramus vcntricuii 
dexter anterior (No. 4 in Fig. 2). This vessel was ligated in 80 animals in 
which the dominant anterior branch was the ramus marginalis acuti. In none 
of these animals was there eitlier a disturliancc of heart rhythm or gro,s.s 
signs of myocardial infarction noted. In the greyhounds, however, where this 
branch was extremely well develo])ed and ])robal)ly supplied a comparatively 
large part of the wall of the right ventricle, ligation of this branch caused 



I 

Fig. 2.—Diagrammatic representation of tlie right coronary artoiT- 

A, Normal dog. 

B, Dog.s with "greyhound” anatomy. 

1 —Art. coronaria cordis dexter; 2 and .7—Small branches: I —R. vqntriciiii dexter an¬ 
terior; S —R. marginalis acuti; 6—R. vcntricuii dexter posterior; 7—K. circiimnexiis aoxtei . 
S and 9 —Small branches; lo —R. atrialis dexter anterior. 

either immediate ventricular fibrillation or subsequent myocartlial infarction 
in the area supplied by this vessel. Tliu.s, in all dogs witli the typical “groy- 
honnd anatomy,” ligation of the ramus vontrieuli dexter anterior resulted in 
ventricular fibrillation or early postoperative death from myocardial infarc¬ 
tion; whereas ligation of the same branch in dogs with the classical described 
anatomy of the right coronaiy artery caused no harm. 



\oIutne 37 
Number 4 


STT'DIXS OF COROXAKY I IHGl'LATIOxV. I 


m 


CONCLUSION 

Oi)seivafions on tin* anatomy* ol tin uglit eoionaiy aiteiy ol' 90 dogs 
eonfiimed the findings of cailici aiithois Jn some dogs, liouovci*. notably 
the trained greyhound, the ramus vcntiuuli dextei anterioi is the dominant 
aiiteiior branch of the light coronary aitcn lather than the ramus niarginalis 
acuti. In those dogs with “greyhound” anat<im}, ligation of the lamus ven- 
triculi dexter anteiior uniformly lesullotl in death 

Undci the conditions of these expenmeiits acute ligation of the main 
stem of the light coVonaiy aiteiy iesiiltc<I in xcntiieulai fibiillation oi deatli 
by myocaidial infarction in 15 <»f Jfi dogs An detiimental effect uas noted 
following ligation of the thice blanches ot the light coionaiy aitery that 
arise proximal to the lamus ventiiculi d< \t( i ant« t lor 
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STUDIES OF THE CORONARY CIRCULATION 

II. Nylon and Polyethylene Tubes as Coronary Artery Prostheses 

Kmtt Haeger, Ai.D.,* Mctlmo, Sweden, Georg R. W'^n/lgren, Al.D.,** 
Helsingfors, Finland, and Peter Dundas, AID.,*** Denver, Colo. 

D uring the past few years many nonbiologie materials have been used as 
replacements in peripheral artcrj’ disease. As a rule, the initial results 
of the operations have been fair; however, all types of grafts have shown a 
high incidence of late thrombosis or, in some eases, rupture of the graft. Re¬ 
cent results vdth the Edwards-Taiip chemicalIj'-treated nylon prosthesis seem 
to be better than with other materials.^’ ^ On the other hand, it was recently 
stated that plastic materials nearly always fail in small arteries.^- 

In attempts to revascularize the ischemic myocardium, several surgical 
procedures have been tried. As yet, however, none of these have been gen¬ 
erally accepted. Recentlj’’, some work was published on the utilization of 
plastic material tubes for the revasculaiization of the heart. Smith and co¬ 
workers-® connected the aorta with the myocardium by means of a 4.5 mm. 
diameter nylon tube and reported good anatomic and functional results with 
roentgenologic evidence that the tube remained open. Massimo and Boffi“ 
created an anastomosis between the cavity of the left ventricle and the myo¬ 
cardium in dogs by means of a polyethylene T-tube with successful results 
in 32 experiments. In a preliminary report of this study,® it was stated that 
a polyethylene tube inserted as a bridge in the resected right coronary arteiy 
stayed open at least 9 months after the operation, and contrast medium in¬ 
jected in the root of the aorta in the living dog could be demonstrated distal 
to the graft. 

Attempts have been made to direct the blood flow from systemic arteries 
to the distal parts of the occluded coronary arteries. Thus,-as early as in 
1940, Murray^® reported on successful coronary arteiy anastomoses from the 
inteimal mammary artery in dogs. Thai and associates,^^ using a temporary 
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coionaij peifusion via a plastic caiiiuila made an end to end iiiteinal maiii- 
maij' to coionaiy aiteiy anastomosis m dogs With coioniiy arlciiogiaplii, 
they More able to demonstiate the anastomosis to be patent in 7 dogs out of 
17 aftei an obseii ation time of 2 to Gi/7 months 

In the picsent study an attempt has been made to ciahiate espeiimen 
t.ilh the fate of poljetlijlone and njlon tubing icplacements of the light eoio 
naij aiteij of the dog 

OUFRITIIF TFCHMQUE 

Mongiel dogs, laijung in ucight fiom 14 to 40 Kg, uere used The 
dogs 11010 anesthetized iiith mtiaienoiis piiitobaihital sodium (30 40 mg 
pel hilogiam of body iveight) and, aftci tiath al intubation, aitificiallj con 
trolled lespiration using 100 pci cent osjgen « is maintained The light side 
of the heait iias exposed bj light sided thoiacot my iiith the siibieet in the 
left lateral position To some of the dogs piocinit amide (Pionestil*) iias 
giien in intiaienoiis dextian infusion, in othci expeiiments the dogs aieie 
infused avitli 5 pei cent glucose in saline 

The light eoroiiaiy aitcij «as dissected fiom appioximatoh 10 mm 
distal to its oiigin iii the aoita to the mam bifiiication of the light lamus 
maiginalis aouti and the lamus ciieumflexus dextei The smallei bianehos 
leaaing this aiea aveie ligated and seveicd This pioecdiiie peiniits 10 to 20 
mm of the aitery to be oompletelj loosened fiom the fattj aiiiiculo aontiicn- 
lar giooae The aitoij was ligated and the time noted A hole uas cut distal 
to the Iigatuio and a tube of poljethjicne oi 115 Ion iias insoited and doubh 
ligated mth 3 0 silh Two tjpes of tubing ueie altciiiatelj used (1) polj 
ethjlene (Intraniediot) and (2) njlon | The diameter of the tube uas 
selected so that the iiiiioi diametci i\ oiild be as close to the onginal 1 ossol 
iiinei diametei as possible Sizes fiom 0 97 mm to 2 43 mm (external diam 
etei) were used The tube uas tilled by blood fiom the distal pait of the 
aiteij' bj' the leteiso flou In the liist senes of opeiations a small picec 
(15 to 20 mm ) of the tube iias thieadcd diieeth into aiiothei hole cut pioxi 
mal to the ligatuie (Pig 1, *1) In the second senes, the tube (120 to 140 
mm) \ias foimcd into a loop ivith an appioxnnati innei diametei of 15 to 
25 mm and the othei end thieidcd into the pioxiiinl hole Also, the proxi 
mal pait of the tube was sccuicd in the aitcij bi 3 0 silh (Pig 1, IS) In 
a third senes of dogs the iiitennl mammaij artery Mas dissected to 10 to 15 
mm fiom its oiigiii and dnidcd so that a 30 to 40 111111 fiee ])ioximaI stump 
Mas obtained The aiteij Mas then tiansposed to the mediastinal side of the 
pleiiial cantj and seemed Mith 3 0 silk stitches A njlon 01 poljcthjlciic 
tube (130 to 150 mm ), filled Mitli hcpsntn/cd siline. Mas inseited into this 
stump and seemed Mith tMo 01 throe 3 0 silk stitehes 'Ihe distal end of the 
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mammary arteiy and the light coionaij aiteij Njloii tuhes and pol> 
ethylene tubes iveie used alternately All dogs siiiiiied the opoi.ition Tno 
dogs aie still alive, and we intend to keep them alive as long as possible to 
find out the fate of the anastomosis aftii longtime suiinal One dog died 
on the eighth postopei ativo day from pleural emiijema, m this animal the 
polyethylene tube vas found to be patent and theie neie no signs of mjo 
caidial infaiction Seien dogs iieie killed G to 8 vceks aftei the opoiation 
In none of these dogs veie thoie am signs ol intaietion In 3 of the dogs, 
however, there was complete or partial obstiiittion of the tube, vhcieas the 
distal part of the coronary aiteiy nas patmt In all 3 cases this happened 
111 iclatively small dogs m ivliieh a small ealiln i tubt vas used 

Siv dogs died duiing the fiist neek aftu i pnation, iisiiallj on the fonitli 
01 fifth postoperatii e day In all of these nsi s the death ivas due to hemoi 
ihage caused by slipping of the tube, eithei tiom the eoronaiy aiten (4 
eases) oi fiom the mteinal mammaiy arteij (2 eases) Poljethylene tubing 
was used in all of these cases In none of these dogs weie theie signs of in 
faietion and, except for post moital clotting, the tubes woie found to bo 
patent in all but one case, m which thiombosis could not be oxeluded 

Ventiionlar fibrillation or cardiac arihithmia of anj kind did not oteui 
during this kind of proceduie 

Summing up, in 4S dogs operated upon with niseitioii of plastic tubes in 
the ooionaij arteiy, there was pioof that the tubes lomaincd open after 4 
weeks in 16 out of 24 suiMxors (67 pei cent) Since a numboi of dogs ate 
still liiing (3 to 18 months aftei opeiation), this percentage maj be altoied 
ns the dogs ai e i e examined at i ai ions intci i als 

DISCDSSIOV 

Operative I'cc/wnguc —The inscition of a small piece of tubing of an 
ineit mateiial m a small coionaiy artcij is a difficult pioecduie Once the 
one end of the tube has been secured in the distal pait of the aiter.e, the 
stiffness of the tube in connection with the mmements of the hcait makes 
it a difficult task to insert it m the proximal pait of the niterj without kink 
mg, 01 the tube slipping out fiom the ahead} mscited end In the beginning, 
these expenments, in regaid to the time used foi this pai-t of the opoiatnc 
piocediiic, took inoio than 5 minutes as a inle, which is a long time for total 
occlusion of one of the majoi eoionaii aitcnes and caii}mg a considciable 
iisk of irreversible lentiiculai fibiillation Ihe mean total occlusion time for 
this proceduie in all expenments was 5 3 minutes 

The loop technique was tcchnicall} much easier to handle AVith the 
freedom of moiement proiided by the longci loop, the aboic iiuntioned difii 
ciilties weie parti} oieicomc Tins is also dcinonsti ited b} the poiiod of 
occlusion which with the loop tcthiiique, meiagcs 3 7 mimitns Still bcttci 
and easiei is the use of a connection fiom the inteinal mammai} artii} 
This could be aehieied with less than one minute of occlusion In the list 
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two series, no dog' died during Ihc o])er;ition find lliere were no iilterations 
in the heart rhythm as judged from diroel ohservation of the lietirt and a 
monitoring elocti-oeardiogi-am. 

Two kinds of synthetic iimterial wore used in this investigation; nylon 
and polyethylene tubiiig. Compfu-ing the two fabrics used by us, the nylon 
tubing is somewhfit more i-igid than poljmthylenc and it is easier to thread 
into a hole cut in a small vessel. On the oilier hand, it is more difficult to 
bend, and we had moi-e trouble inserting it in the pi-oximal hole after the 
piece of tubing had been secui-ed in the hole dislal to the ligature than we 
had when polyethylene tubing was used. The wall of the nylon tube used 
by us is thinner than that of the pnlj^etlodene tube, permitting a somewhat 
larger flow with a tube of the same outside diameter. In the long run there 
were no differences between the two materials since both remained open in 
a fair number of cases and both ajijiarcntly provided sufficient blood flow to 
the myocardium. 


In the beginning of these experiments, the tubes wei-e siliconized or satu¬ 
rated with heparin solution. This did not, howevei-, contribute to survival 
or to a longer period of flow through the tubes, and was later abandoned. 
This observation is in agreement with that of Donovan' who obseived that 
lining with silicone or the use of heiiarin in ])olyethylene tubes inserted in 
the femoral arteries did not increase the average durtition of patency. This 
is also the reason why we did not keep these dogs on anticoagulants during 
the postoperative period. 


Ventricular Fibrillation .—Ventricular fibrillation is a well-known com¬ 
plication after .sudden occlusion of a major coronary artery.-’Since 
we* had good experience with the antifibrillatory properties of procaine amide 
in another field of cardiac .surgery with high fibrillation incidence (namely, 
open cardiac surgery in hypothermia with venous inflow occlusion), we used 
this drug in some experiments hoping that in tliis field also, it .should be valu¬ 
able as a protecting agent. Half of the dogs in the “dii'cct” series received 
procaine amide as an intravenous infusion during the operation, whereas the 
other half of the animals were infu.sed with glucose in saline. There was, how¬ 
ever, no significant diffei’ence in the incidence of fibrillation in these two groups. 
Thus, it seems that addition of procaine amide to the intravenous fluid drip 
does not diminish the risk of operating upon the coronary arteries in normo- 
thermia. 

Fibrillation most often occurred within 30 seconds after the release of the 
blood flow from the proximal part of the coronary artery. This is a well-knovm 
phenomenon.'' -- Ventricular fibrillation also was reported .shortly after the 
release of the blood flow to hypothermic hearts after complete inflow occlu¬ 
sion.-' Sewell, Koth, and Huggins'® found, after temporary occlusion of the 
anterior descending coronary artery of the dog, that sudden return of the ar- 
tei’ial flow caused ventricular fibrillation in 6 of 31 animals, whereas there were 
no fatalities if they made the release of the flow inteimittently. In the begin¬ 
ning of our experiments, we were not aware of Sewell’s and his associates’ ob- 
seinmtions and the release of the flow- through the plastic graft was done as 
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quickh as possible in oidcr to dimmish the time of coionaii oeeliision L.itei, 
MO Meie caieful to lelease the blood flow leiy slowh and, although the numbci 
of experiments do not peiinit statistical analysis, ive liaie the impiession that 
this piocediue ivas helpful in aioidiug veiitiiculai fibiillation Onl\ one dog 
fibiillated dining an opeiation using the slow lelease of coionaij blood flou 

Survival of the Dogs —^In a senes ol txpeiinicnts lepoitcd eailioi, a sham 
opeiation on the light coionait aiteij ins done including ligation of tlie ar 
terj, but Mith no attemiit to iiiseit anj kind of aitificial blood supplj to the 
nnooaidium distal to the ligature The moitaliti with this piocoduie duiing 
the operation and in the immediate postopentue pciiod ivas hS pei cent In 
the tliiec series of dogs, piesented m this pu ei in ■nliich the ligated aiea in 
the light eoionaiy arteri uas bypassed b\ in aitificial giaft, the iiioitality 
late Mas considerably loMei, 45 pei cent Miih tlie “dnect” method, SO pei 
cent Mith the ‘‘loop’ method, and 43 pei i nt using the inaniniaii aiteii 
anastomosis These figures lepiesent the total nuntaliti late, including tceh 
meal errors and appaienth iiielevant postopeiatm eomplioations Pi om these 
data it IS apparent that the plastic tubes, Injiassing the ligated pait of the 
eoronaij aitery, contiibute to the sunnal of the ai imal 

Paienctj of the Tubes —Tubes of plastic materials, implanted in small 
sessels, usualli become obliteiatcd by thiombosis tcij soon In anothoi soiics 
of expeiiments," we found tins also to be tine Mhen mo inscitcd tubes of the 
same sire and material as Mete used in the heait in pciiphcial svstemie ai 
teiies AVhy, then, do nylon and poh ethylene tubes nisei ted in the ooionan 
aiteiy lemain open in so surprisingly high a pei cent of the eases'' Some c\ 
plaiiations may be discussed The floK in tlie eoiomiy arteiies is fnstci than 
in the othei arteiies of the body The icnous outfloM fiom the eoionan sys 
tem IS seiy efficient due to a iietMoik of anastomosing lenoiis channels A 
thud factot Mould be that the tubes inoie with the moiements of the heait, 
causing a constant shaking of tlie tubes In these cases, mIicic the tubes mcic 
inserted into the distal pait of tl e coroiiaiy arten, the squcozuig poMoi of the 
myoeaidium can haidh be taken into eonsideiation this, hoMciei, Mould pos 
sibly be the case if the tubes liad been implanted diicctlv in the maocirdium 
Sabiston and Fauteux’' '' discuss tins possibiliti as the reason mIu implants 
of the carotid arteiy into the light oi left inaoeaidnim of dogs lemained open 
in a fair number of oases 

Assuming that the chenneal composition of the plastic tube itself Mould 
base an effect on the clotting of the blood, it Mould be leasonable to assume 
that the length and ealibei of the tube (naiiieh, the exposed siiifaee of plastic 
mateiial) Mould nifluence the teiidcnex of clotting Since the clastiiili ol the 
tube IS less than that of an aiteiy% this Mould also affect the blood IIom, pic 
sumably Mith an incieased iisk of intiaiaseulai clotting paiallel to an ineiease 
of the length of the tube The mateiial piesented in this paiioi does not, hoM 
c\ei, permit any conclusions in this lesiicct 

A last contiibutoiy factor could be the anastomosis technique If an 
anastomosis betMeen tMO aiteiics is accomplished Mith sutures of any kind, 
theie avill almost aluais be some intimal lesions at the sut ' 
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possible focus for tlic foriiialion of a Ihronibus. AVilli llio Icclinifjue used in 
these do«\s, the plastic tube is ])ushe(l into a vc'ssel with the intinia intact at 
the place where the end of the tube is secured. 

Further experiments with plastic tubes supplying portions of the myo¬ 
cardium are in progress and will be reported separately. 

.su:mmary 

A technique is described in which nylon or polyethylene tubes were used 
as artificial grafts, either bridging an occluded part of the right coronary 
ai'tery or as an anastomosis between the ijiternal mammary artery and the coro¬ 
nary artery distal to a ligature. In 24 dogs, .surviving more than 4 weeks 
(longest period of observation—IS months), the tubes were found to be patent 
in 16 cases. Some teelmical points as well as some possible reasons for the 
patency of the tubes in the coronary ai-tery system are diseiissed. 
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STUDIES OF THE CORONARY CIRCULATION 


III. Intramyocardial Implantation of Nylon Tubes 
After Ligation of a Major Coronary Artery 

K}J7it Haeger, M.D.* Malmd, Sweden, mid Georg R. Wallgreii, 

M.D., * '^-Helsingfors, Finland 

I N 1946, Vincberg* reported the successful implantation of the left internal 
mammary artery in the left internal mammaiy artery in the left myocardium 
of the dog. Later, it was demonstrated that a coUateral circulation developed 
between the implanted artery and the left descending coronary artery.- Some 
years ago, Vineberg and his assoeiate.s^ repoi-ted on 4 years of clinical experience 
with the method; 70 per cent of their patients were reported to be markedly 
improved after the procedure and were able to return to work. 

As was also observed by the originators of the method, significant 
anastomosis did not develop in all eases, and the lumen of the implanted 
artery very often was found to be obliterated by endarteritic changes and by 
thrombi forination,-*' ® Bakst and his co-workers® were unable to find that 
the implanted artery contributed to the intei'coronary anastomotic flow. Many 
attempts have also been made to modify and improve Vineberg’s original 
method. Julian and his co-workers' created fistulas between the internal mam¬ 
mary artei-y and the mammary vein, and implanted these in the myocardium. 
They reported that the vast majority of these fistulas closed, but that some 
remained open a long period of time. Carey and associates,® in a two-stage 
operation, used the internal mammary artery as a bridge between the left 
atrium and the myocardium, and demonstrated that this procedure afforded 
a eei’tain degree of protection against ventricular fibrillation or infarction 
which generally develops following ligation of the descending branch of the 
left coronary artery. The same group of workei-s® compared the effects of 
implantation of the subclavian and the internal mammary arteries in the myo¬ 
cardium and found some evidence that the use of the bigger subclaman artery 
appeared to offer greater protection against infarction and this artery seemed 
to be less exposed to endarteritic occlusion. 

Aided in part by a grant-in-aid from the American Heart Association. 
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In 12 clogs, Sabiston and rautenx”’ cicated an amstomosis bet-neen the 
caiotid aitei-y and the light nijocaidmm Three of the clogs died of con 
tiienlai fibrillation, in the icmaming 9 dogs, lioiveier, the implanted aiten 
was found to be patent in G cases and thionibosed in 3 AYhen the left eaiotid 
aitoiy was implanted in the left mjocsrdium, the cessel was found to be 
giosslj patent m 28 out of 32 animals The time of obseiiation iniied bo 
tween 22 and 246 dajs*’^ Smith and co woihois'" connected the aorta with 
the left niyoeaidiuin by means of a vessel giaft oi a njlon tube, and dem 
onstiated the graft to be open in the dog aftoi one ccai In 2 human patients 
they used a seiiows graft and a nvhva tube vespeetvsels, and lepwited exeel 
lent postopciative lesults in both cas s I mallv Massimo and Boffi' cioated 
a canal between the Ictt lentiKulai cniti and tin left injocaidiiun hi moms 
of a nylon T tube (4 5 mm ni di intoi ami c pot ted good results in the 
expel nncntal animals 

It seems that one ot the man i pioid n s ns, „ the Vim bet g appioath, m 
Its modifications, is tlu ininmliii, iish of n n s piolifeiation and siibsc 
ciuent thiombosis of tb siippK nt an i \ IVc nid pnl\etlivlone oi niIon 
tubes icmain open ii i iin i icntag ol clops nlien the tubes aic inseitccl 
in the eoronan aiti n 1 iiomoie we di i idcd to use simihii tubes as a budge 
between the intoinal mamnaii .aitoii ind th ischemic nilocnulium 

METHODS 

Mongiel clogs weighii g betwien 7 lucl 20 Kg woie nnestliofirocl with 30 
to 40 mg pel Ivg Nenibutal mtinenouslj jtftoi intiihation, the lospnntion 
was aitificiallj maintained with 100 pci cent oxygen Aftei thoiacotomv in 
the lateral position the mteinal mammarj aitciv was dissected to 10 to 36 
mm fiom its origin, and wpa clivulocl so a 30 to 40 mm fice pioxnnal stump 
was obtained Then the aiteiy was tiansposcd to the medi.istinal side of the 
pleural cavitj bj means of some 5 0 silh stitches A njlon tnbe* (outei cli 
anietoi 157 to 2 80 mm ) was nisei ted into the aitoiinl stump and seem eel 
bi two '01 three 3 0 silh ligatuies The othei end of the tube, which pioiioiisli 
had been perfoiatecl with a hot needle in scicial places, was nttaebed to a 
silk Imatiire Using a sliglitlj uinecl oi stiaigbt needle, tins end was bmied 
subencloeaulially in the mvocaiclium paiallcl to one of the maim eoiomaii 
aiteiics (Uig 1) In some eases, the distal end of tlic tube eoiilcl simpli be 
pushed iiito'^place tliiongb a small epicaidial incision If am bleeding oe 
euiiccl at the ends of the bnned pail of the tnbe, the bole was closed with 
atianmatic 5 0 silk, sometmies tied oiei a small piece of Gelfoam 

Finallj the selected coionari aitcn was ligated and the blond flow fiom 
the mamma’ll aiten' na the tube was lelcasecl In some instances, a small 
hematoma dei eloped aiouiicl the buried tube In the last dogs opoi ited upon 
the miocaidial end of the tube was closed so the blood could mil.i leait it 
thiough the small needle stick links The budging pait of the tube was so 
cuied to eoiiiouieiit tissues such as the auiKulu wall, the pcueaidium, or 

•Tl.ermoglns Inc CothcnlnirS SneUen 
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on individuals with pi’evious impairment of the coronary flow, remains to be 
investigated. Preliminary results in dogs operated upon with this technique 
after artificially induced eoronaiw thrombosis and subsequent myocardial in¬ 
farction do not, however, indicate a significant increase in the incidence of 
ventricular fibrillation.^^ 

Pi'ofcction Against Death FoUoiving Coronary Artery Ligation .—The ex¬ 
perimental evaluation of a method for supplying arterial blood to the heart 
is very difficult since the results of the irritation caused by the pericardiotomy 
alone seem to olfer a certain dcgi'ee of protection.’" As pointed out by 
Garamella and associate.s’" and, indirectly, by ^lilch and his associates’^ con¬ 
trol experiments from other laboratories cannot be relied u])on due to the 
numerous variables of acute ligation of a ma.ior coronary artery. This is also 
very clear from the varying rc.sult.s of acute coronary ligation as tlicy have 
been reported by numerous investigators. For an adequate comparison, th - 
animals of the control series should be treated exactly as those of the experi¬ 
mental series, and the ligation of the coronary artery in the former should be 
done with the same operative trauma as in the procedure under inve.stigation. 
In other words, the ligation of the coronary artery in the control series should 
be made as a sham-operation .simulating the operative technique of the pro¬ 
cedure under inve.stigation. 

Such sham operations on the right coronary artery were made in this 
laboratory with an immediate postoperative death of 90 per cent. After high 
ligation of the left descending coi-onary artery (the septal branch not in¬ 
cluded), the mortality in 7 dogs Avas 100 per cent. In the latter series, the 
septal branch Avas not included; the obsci-vance of this detail is of im¬ 
portance.’” The mortality folloAving unilateral intramyocardial implantation 
of nylon tixbes and simultaneous eori-e.sponding ligation of a major coronary 
arteiy Avas 2 out of 12 dogs in this series. Consequently, it appears the im¬ 
plantation of the nylon tuljc added to the protection of the heart. 

The Patency of the Tubes. —Apparently nylon tubes implanted into the 
myocai’dium remain open for some time but later, probably after about 6 
Aveeks, become occluded Ijy thrombosis. On the other hand, Avhen similar 
tubes Avere used in an identical manner in A’arious parts of the systemic circu¬ 
lation, they usually became obstructed A’Ciy early. In some instances, there 
Avas proof of obstruction at the second to the fifth day after operation. 

Six Aveeks is an astonishingly long time. Nevertheless, it is considerably 
shorter than Avhen tubes of the same caliber Avere inserted directly in the 
coronaiy A'essels. In earlier experiments, in AA'hich this technique Avas used, 
Ave hUAm seen such tubes occasionally remain patent moi’e than one year.’'-"” 
At the present time, avc are satisfied that the intramyocardially implanted 
tubes remain open long enough to supply the myocardium Avith oxygenated 
blood during the critical phase after ligation of a coronary arteiy. This 
critical period is the time during AA'hich the normally rc.sting intra- and extra¬ 
coronary anastomoses need to dcA-elop as functional units, a period AvJiich ni 
the dog is stated to be betAveen 4 and 12 days after the ligation.”’ 
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Theio sooins to be smut fimdamiiit il diffcicnee I)etneon the tendenej to 
(lot in i tube of inoit innttii d insiitid into a pdiplui il .iitin and a tom 
nan iitin, iCf>iKiti\elt It is to be. k on nibcicd flionf,li tint iiioipliolop: 
icslls as well ns plnsioloKK.ilh tlnu is i iiniUtd dissinui.iiiti botiMtntln, 
sasnil.u supph to tiu licait iiid tint ol iiu ollin oig.m oi pait of tin bods 

rust tilt blood sLsscIs in tin iusik iiduim aie tmbedded in a tissue 
the ssiicjtial stiuctuio of uliich is not sniiibii to nns clsculieie in the bods 
ruithoimoie, thoio is no oig.m that is so si< 11 supplied siith atleient is sscll ns 
effeieut blood scssels as the iiisocaidium Tin aniouiit of eapilhnos lu the 
adult human msocaidium is (abulittd to In betueen 3 000 and 4,000 pei 
sqmio millimctti, .is coitipaied sntli bss thin 2 000 capillniics pei squaie 
imlhinetoi in the skeletal niusele In the noun I adult lieail eseis single fibei 
IS supplied bj its osin eapillais wlinhals i iii unique an,ingoineiit"" 

Them is non a geiieial agieeiiKiit that the eoionais aitctios me cud 
aiteiies in the phjsiologn sense, le out ai is liiauches uitliin the legioii 
ssheio it inns and supplies this and no oflici u i riom the aiiatomie point 
of sioss, bossesei, tliej aie not cndaitoiies sum llino is .i iithls diselop d 
sjstem of intoiartounl anastomoses at dillciont lescls tliionghont the kngtli 
of the aiteij It is bolusod that dninig iioinnl conditions it least most of 
these eommunioations ate closed Aftci inioition of fluids of high siscosits 
too thick to penetiate the (apill.aiies, tlnsi .inastomoses sieic found to be of 
considoiablo size, but it sias a i ii< finding to haso one coionaij aiten filled 
ssith the matoiial injtetcd into .inothn Oiscn enough time the iiitei 
aitonal anastomoses open up .iftoi some Kind of stimulation as foi inst.ince 
if a piessuie giadient doselops Intsioen t«o aitnios," oi if the hioehomical 
milieu in the he.ait in some was is ilteied as foi instance hs tissue hsposia 
This IS .an impoit.ant dift'eiencc bctmeii the coionnij sistem and, foi e\ 
ample, the aitoiies of an cgfremita Anothoi dissimilaiitj that mat ho im 
poit.ant as legaids the clotting meth.atiisms is the spontaneous ilitthmic.al 
niotements of the ooionait .aitciies as lepoifed In Kothlin"' and Il.inslei and 
Fihp))] ■’* 

The smooth mtiselcs in the nails of the tomnan aiteiies ate in iiigcd 
soincnh.at difleioiith fiom those in a jHiipliei il aiten In the piosimal pail 
of a eoion.in aiten iioai the aoitic ostium ind .ilso, in the distal paits of 
the aiten ne it the ipe\ of the hcait the smooth muscle fihcis aie .an.ingcd 
as a spiial The puiposo of this .iii.aiigciiunt is not ck.aili nndeistood, inoh 
ablv it senes as some Kind of piofeitnc iimhnnism to ensme ooionan flou 
tlnoughont the (.aidiu evilo A simil ii mcelianism Ins been icpoited in the 
eaidiac seins"’ Tlu n.ills of these tuns contain iiioie smooth mnsdi lOin 
paiatnelj, than othi i \enis cspeeiallj, the longitudinal lajci of imiseks in 
the caidiac leins .111 tin nclldnilopcd This ])cnnits tin \oins to c\eit .in 
aetne icsistanee to the piessuic of the suiionnding iinodiulnl inuseb and 
thus, the leiions outtion fiom the imoi.iidium is sinned cini nndei m^o 
cnidinl sistole 'llii topogi.iphic il aiiaiigcmtlit of the c.ildiac n ms in S(\»^ 
ci.al diffcient and indcpeiKkiil m sic ms also ]iiom(Us 
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on individuals with previous impainncnl of the coronary flow, remains to be 
investigated. Preliminary results in dogs operated upon with this technique 
after artificially induced coronary thrombosis and subsequent myocardial in¬ 
farction do not, however, indicate a significant increase in the incidence of 
ventricular fibrillation.^® 

Protection Against Death Following Coronary Artery Ligation. —The ex¬ 
perimental evaluation of a method for siippljfing arterial blood to the heart 
is very difficult since the results of the irritation caused by the pcricai'diotomy 
alone seem to offer a certain degree of protection.’" As pointed out by 
Garainella and associates’" and, indirectly, by illilch and his associates’® con¬ 
trol experiments from other laboratories cannot be relied irpon due to the 
numerous variables of acute ligation of a major coronary artery. This is also 
very clear from the varying results of acute coronary ligation as they have 
been reported by numerous im'cstigators. For an adequate conqmrison, th - 
animals of the control series should be treated exactly as those of the experi¬ 
mental series, and the ligation of the coronaiy artery in the former should be 
done with the same operative trauma as in the procediire under investigation. 
In other words, the ligation of the coronary artery in the control scries should 
be made as a sham-operation simulating the operative technique of the pro¬ 
cedure under investigation. 

Such sham operations on the right coronary artery were made in this 
laboratory with an immediate postoperative death of 93 per cent. After high 
ligation of the left descending coronary artery (the septal branch Jiot in¬ 
cluded), the mortality in 7 dogs was 100 per cent. In the latter series, the 
septal branch was not included; the ob.servancc of this detail is of im¬ 
portance.’'’ The mortality following unilateral intramyocardial implantation 
of nylon tubes and simultaneous corrc-sponding ligation of a major coronary 
artery was 2 out of 12 dogs in this series. Consequentlj'’, it appears the im¬ 
plantation of the nylon tube added to the protection of the heart. 

The Patency of the Tnhes. —Apparently nylon tubes implanted into the 
myocardium remain open for some time but later, probably after about 6 
weeks, become occluded by thrombosis. On the other hand, Avhen similar 
tubes were used in an identical manner in various parts of the systemic circu¬ 
lation, they usually became obstructed very early. In some instances, there 
was proof of obstruction at the second to the fifth daj’^ after operation. 

Six weeks is an astonishingly long time. Nc's-ertheless, it is considerably 
shorter than when tubes of the same caliber were inserted direetl}^ in the 
coronary vessels. In earlier experiments, in which this technique was used, 
we have seen such tubes occasionally remain patent move than one year.”’ 

At the present time, we are satisfied that the intramyocardially implanted 
tubes remain open long enough to supply the myocardium with oxygenated 
blood during the critical phase after ligation of a coronary artery. Tins 
critical period is the time during which the normally resting inlra- and exfra- 
eoronary anastomoses need to develop as functional units, a ]mriod which ni 
the dog is stated to be between 4 and 32 daj^s after the ligation."’ 
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of lien, honoici, thoj aic not endaitciios since theic is a iichli deielop d 
sjstem of inteiaitoiial anastomoses at difteicnt leiels tluoughout the length 
of the aitorj’ It is holuied that duinig noimal conditions at least most of 
those eommunioations aio elosed Aftci iniection of fluids of high iiseositi 
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drainage of blood from the mjmeardium. In onr experiments, little or no 
hematoma developed around tlie perforated end of the tube after its im¬ 
plantation into the myocardial muscle, whereas large hematoma inunediately 
developed around the same kind of tube inserted in a skeletal muscle or in 
a parenchymatous organ. The very effective venous drainage system proh- 
abl}'- is responsible for this difference. It is well known that stasis is a pre¬ 
disposing factor for intravascular clotting, and it might be that these effective 
drainage facilities prevent stasis around the tube and indirectly permits a 
steady flow through the tube. In the papers by Sabiston and Fauteux,^®- 
there are some observations which support this hypothesis. They implanted 
the carotid arteiy in the right ventricular wall and observed a flow of be¬ 
tween 1.6 and 3.2 c.e. per minute in the graft in some of their animals. If, 
however, the conditions of draining -were improved by partial communica¬ 
tion of the graft with the cavity of the heart, the amount of flow thrmxgh the 
implanted artery increased tenfold or more. This may be taken as evidence of 
the signiflcance of good drainage to the flow in the afferent part of the sys¬ 
tem. In our series wo did not delil)ei‘ately attcmjfl to drain the tubes partially 
to the ventricular cavities. It is possible it would be wise to do so in the fu¬ 
ture. 

The vasomotor innervation of the eoronniy arteries “is unsurpassed by 
any other artery in the body.”®® Both divisions of the autonomic nervous 
system are represented. It is now held that, contrar.v, to the systemic arteries, 
the parasympathetic nerves carry the vasoconstrictor fibers and the sympa¬ 
thetic nerves the vasodilator fibci'S. According to Poiseuille’s law, even verj’’ 
little dimimxtion of the cross surface of an artery influences the flow consider¬ 
ably. This has also been experimentally demonstrated by hlann and associ¬ 
ates.®^ Since there is a difference in the vasoconstriction innervation of the 
coronary system and the peripheral system, it might be that Amsoeonstilction 
occurs to a lesser degree in the former arteries and, thus, the chances of im¬ 
pairment of blood flow are less pronounced. 

In the dog, the mean heart weight is about 0.75 to 1.0 per cent of the 
total body weight.®® This compai'atively small fraction of the total weight of 
the animal is, howevei’, supplied by no Ic.ss than 4 to 5 per cent of the total 
cardiac output; in emergencies it can rise as high as 14 per cent.®® Tins 
means that the flow in the coronaiy arteries, even under resting conditions, 
is A'eiy high, and definitely higher than in the systemic arteries. Assuming 
the total coronary inflow in the normal resting dog averages aboiit lO c.c. 
per 100 gram left heart per minute,®® the flow through the coi'onaiy artery 
will bo just a little more than 1 c.c. per second. In a coronary arteiy ivith 
an internal diameter of 2 mm. this means that the velocity of the blood 
stream will be about 30 cm. per second. The velocity of the blood stream 
through the aorta has been theoretically calculated to be about 22 cm. per 
second,®* and, experimentally, values about 18 cm. per second have been re¬ 
ported.®® 'When the aorta branches in smaller arteries, the combined cross 
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section areas of these increase and the velocity decreases. In tlie pcriplioral 
extremity arteries, velocity figures of about 10 to 20 cm. per second are re¬ 
ported.^' 

Thus, the velocity of the blood stream through the coronary arteries is 
at least two times faster than that of peripheral arteries of oorro.sponding 
size. Also, this fact may add to the lesser tendency of intravascular blood 
clotting in tubes connected with the coronary .system. Of course, this factor 
is irrelevant when, the nylon tubes are imiilanted directly in the myocardium, 
but certainly it ina}' have some bearing when pieces of tubes ai-o used ns a 
bypass and inserted as a bridge between tuo Mvered parts of a coronary ar¬ 
tery. 

Also, in other respects, the dynamics of lilood flow are different in the 
coronary arteries and in the peripheral arterial system. A comparison of the 
interrelations of pressure, vascular \olnme. and flow in the coronary artery 
and, for example, in the femoral arteiy, rcvi .iK some intorc.sting point.s. In 
the peripheral artery there is a rapid increase in flow at the onset of systole. 
This increase reaches il.s peak shortly befoi-c the arterial pressure starts to 
fall, and then begins to dimini.sh rapidl.v. As the vascular volume is in- 
ereased, there i.s a retardation of the flow and for a moment there i.s a short 
period when the flow not only is decreased, but even reversed. Wright and 
Phelps” showed this was true in the arteries of the extrcmitie.s and in the 
common carotid arteries, whereas there was no evidence of reversal of flow in 
the renal, hepatic, and superior mesenteric arteries. 

In the coronary artorie.s, on the other hand, the pattern of the flow curve 
is different. As was demonstrated by Gregg and Green,’" in the dog there is 
a very short period of backflow also in the coronary arteries at the onset of 
the phase of isometric contraction in the myocardial musolo. This period, 
however, is considerably shorter than the backflow phase of the peripheral 
arteries. In the coronary artcric.s, it lasts about of the total cardiac eyelc, 
whereas it is little more than two times that length in the peripheral sy.s- 
tem.’"' The amount of blood that is rejected during the backflow phase 
is negligible in the eoronaiy arteries. It amounts to about O.OOG ml. pei’ heart¬ 
beat in the dog as compared with a total flow of about 0.2 ml. i)ei' heartbeat 
during the whole cycle. As in the peripheral arteries, there is also a diminu¬ 
tion of flow with falling aortic pressure, but in the coronary arteries the flow 
never reaches the zero line in this phase and, during diastole it (piickly ri.ses 
again after the closure of the aortic cusps. 

It is difficult to say whether these hemodynamic differences may pla.v a 
role for the tendency of clotting and thus explain why tubes inserted in the 
coronary system remain open for a longer time than tubes in the sy.stemic 
arteries. Although it is well established that stasis is an important factor 
in the pathogenesis of thrombosis, ive hai-e no evidence that a small relative 
difference of, for instance, the duration of the backflow pha.se in two arterial 
systeims may influence the intravascular clotting propensity. F,)r the mo¬ 
ment we only want to stress that important dissimilariliesnlo exist between 
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tho coi-onavy and the systemic eii-enlalion, and that one or more o£ these dif¬ 
ferences may account for the varyinp; resuHs o])tained after insorlion of nylon 
tubes in the coronary s.ystem and the jicrijilieral system. 7 'esj)octivcly. 

In the present studios we have used a nonsuture technique at the in¬ 
sertion of the tubes. In an eai-lier paper from this laboratory^' it was <li:- 
eussed whether this might have added to the sustained patencj' of tho tubes. 
It was demonstrated by Blakemore and Lord'*’ and by Egdahl and Hume'' 
that the nonsutin-e method may l)e effectivel.v used in small arteries. In the 
present series, however, in which tho nousuture technique Avas used in both 
peripheral vessels and in arteries inserted into various parenchymatous or¬ 
gans on one hand, ajid in tubes in.serted into the myocardium or into the 
coronary arteries themselves on the other, there was a marked difference in 
the frcqiienc.v of throjubosis. This probably Jncans that the nonsuture tech¬ 
nique per so is not responsible for the laAmi-able results observed when the 
tubes were inserted in the heart. 

An alternative explanation could be offered if the clotting mechanism 
were inhibited by some local factor in the myocardium or modified by some 
alterations caused by changes in the heart jnetabolism after infarction. Some 
pilot experiments to clarify this problem were undertaken in this laboratory. 
As yet. however, no certain evidence of such a mechanism has been estab¬ 
lished. Some observations reported in the literature are. however, of interest. 
Tietze and Schul'/.'- reported an increased fibrinoljdic activity in plasma fol- 
loA\dng myocardial infarction in man; Tagjion and co-workers'® observed 
fibrinol 3 *sis during hemorrhagic shock, and Kwaan and McFadzean" demon¬ 
strated the appearance of a fibrinolytic substance in the blood running 
through an extremity temporarilj’- deprived of its arterial supplj*. These 
obseiwations support the concept of a decreased tendencj' of intraA'ascular 
clotting in an ischemic area. On the other hand. TIumc'*’ obseiwed a depres¬ 
sion of the fibrinoB'tic activitj' in patients Avith juA'ocardial infarction during 
the first 8 daj's after the onset of the disease. Thus, the reports in this field 
are eontroAwrsial, and for the moment nothing can be said of the role of the 
biochemical factors in the clotting mechanism as applied to the patency of 
artificial tubes inserted in the mAmcardium. 


SUAIAI.ARY 

Nj'lon tubes Avere inserted into the intenial mammarj’ arteiy in the dog 
and the other perforated end of the tube Avas embedded in the mA-oeardium 
close to one of the ma.for coronaiw arteries. The pertijient arteiy Avas suhse- 
quentB^ ligated and the results of this operation Avere compared to control ex¬ 
periments Avithout implantation of tubes. 

The inortalitA* after acute ligation of the right eoronaiy aiterv in the dog 
Aims, under the conditions of these experiments, 93 per cent, and ligation of the 
left descending coronary artery, 100 per cent. After implantation of tubes. 
10 dogs out of 12 survhmd. The tubes A\-ere usually found to be patent if the 
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STUDIES OF THE CORONARY CIRCULATION 


IV. Surgical Treatment of Acute Experimental Myocardial 
Infarction in the Dog 

Knnt Haegei, ALD.,* AUhno, Sweden, and Geoig R. Wallgren. Al.D.,** 
Helsingfois, Finland 

C ONTRARY to the case of acute occlusion of a peripiieral artcrv, the acute 
occlusion of a coronary artery generally has been considered a subject 
of non-surgical treatment. However, as early as 1917, Gordon Murray’ pre¬ 
dicted tliat “the daj' may come when the best plan of dealing with a coronary 
thromljosis would be an emergency operation.” He supported this view witli 
experiments on dogs, in which the ballooning area occurring after myocardial 
infarction was o.\cised. He noted this procedure of reducing the paradoxical 
systole of the infarcted area not only increased the rate of strrvival but also 
markedly improved the cardiac output and increased the blood pressure 
Cardiostatorrhaphy, as described by Allen,’ also attempts to prevent or diminish 
the area of ballooning. This author stated that the heart became more efficient 
after this procedure of stabilization and comprc.ssion of the ischemic area. 

Temesvari’ created myocardial infarction by acute ligation of the riglit 
coronary arteiy in dogs. Twelve to 48 hours later he excised the ischemic 
area and covered the defect with a pedicled flap of the diaphragm or the 
pectoral muscle. Detailed information of the rate of survival in these dogs 
as compared with untreated animals is not given in this paper. It is, however, 
stated that some of the dogs survived the operation by 8 to 10 months. At 
autopsy, the flaps wore found to be subjected to fibrous degeneration and, in 
some cases, even to the formation of cartiiaginous tissue. Also, Porclicri and 
Castellani* excised the ischemic part of the myocardium after ligature of the 
middle third and the left anterior coronary artery. Although these authors 
observed the cicatrization was more certain and stronger following resection 
of the infarcted area, thc.v recommend the procedure oidy in selected cases, 
duo to the high operative mort.ality. 

As far as we know, the above-mentioned procedures aio the only attempts 
of surgical intervention in acute myocardial infarction in experimental animals. 

Afdcfl In part by a jrrant-in-ali! from tlie American Heart Association. 
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Until recently, it has l)ccn difficnlt 1o prodncc slow coronary occlusion re¬ 
sembling the conditions in man. Tn 1956, however, Ctagc, Olson, and ChardacU 
reported on a simple and ingcnions method to create coronary thrombosis and 
snbsccpient myocardial iniaretion in the dog. The insertion oi' a magnesimn- 
alnminnm alloy needle in one of the ma.ior coronary arteries makes it possible, in 
the dog, to ]irodnee a slowly develo])ing coronary thrombosis, causing clinical 
and electrocardiogi-aphic evidence oF myocardial ischemia. 

In earlier experiments in Ibis la bora lory, we found that dogs .survived 
aente ligation ol one of the major coronary arteries if a nylon tube was 
inserted in the internal mammary artery and embedded in the myoeardhnn. 
In tho.se experiments, the tnbe was implanted in healthy myocardinm and 
the occlnsion of the pertinent coronary artciy was not made until the extra- 
cai’dial arterial blood sn])])ly had been established through the tnbe. Since 
we found these tnlics mo.stly i-emained patent, at least for some weeks, it oc¬ 
curred to ns a modification of this procedure might bo nscfnl in the ti'catmcnt 
of aente myocardial infai'ction. It is the purpose of this paper to report the 
results of intramyocardial implantation of a nylon tube at a time whoii myo¬ 
cardial ischemia was present. 

lUETHOD.S 

For the experiments, adult healthy mongrel dogs of both sexes, weighing 
10 to 25 Kg., wore used. The dogs were anesthetized with intravenous Nembu¬ 
tal (30 to 40 mg. per kilogram of body weight) and intubated. Artificially 
controlled respiration iising 100 per cent oxygen was maintained throughout 
f the operation and continued for some hours postoperatively. 

The right or loft side of the heart was alternativel.v exposed by a thora¬ 
cotomy in the fourth or fifth interspace in the lateral position. The peri- 
cai’dium was opened and the chosen coronary artery carefully dissected. An 
18 to 23 mm. piece of a magnesium-aluminum alloy Avirc^" Avas inserted into 
the lumen of the ailery. The tcchnicpie is described in detail by Gage and 
his co-Avorker.s.= In the right coronary artery, the Avirc Avas placed just proximal 
to the main bifurcation; in the left descending artery, as near the main bi¬ 
furcation as possible Avithont interference Avith the sejjtal artery; and, in the 
left circumflex artery, just distal to the main bifurcation of the left common 
coronary artery. IMinor aberrations from these sites could not be aA-oided in 
some animals. Thus, in one case the septal artery aa'os blocked, AA'hich resulted 
in infarction of the interventricular septum and subsequent damage to the 
conductive system. 

After insertion of the Avire, the pericardium AA'as closed, the lung expanded, 
and the chest Avas closed Avith suction drainage. Electrocardiograms Avere record¬ 
ed before and after the operation, and repeatedly during tlie posto])eratiAe 
course. The (>leetrocai-diogra]fliic obser\’atioji.s Avill be subjected to a detailed 
analysis and published separately.' 

^[a.,-nesium (98%) and aluminum (2%). AA'e are indebted to the Denver Braneli of the 
Aluminum Company of America for a generous supply of this alloy. 


\I.|. c- -^Tt DU.s ()l tOU(» \K\ CUiCLiLVTION IV oil 

\ II. I er 4 

Sixteen dofis voic tieated onh vitli the deseiilied pioieduic and noio 
Kept as (.ontiols I'ostmoitim cx.iniinatioii nas ni.ide in all eases <ind cMdiiiu 
oC eoumaiv tliioiidiosis and iinoiaidnl iiilaiitioii Mas niitid 

Anotliei I") do{i:s Mint olisenid eliiiicalh and Mitli itpealcd tkitiocaidio 
glams on tin dais folloMing tlip niseitioii ol the Miie AVlioii electioeaidio 
giapliic signs ot imoeaidial ischemia Moie picsent, and/oi the condition of the 
dog hccaine alaiiniiig It Mas leopcialcd upon The piPMOiis slan incision 
Mas opened and the thoiax Mas cnteicd thiongh the same oi an adiaeent 
inteispace A iijlon tube® (exteiiial diainetci 2 4 to 2 8 mm) Mas inseited 
into the inteinal mammaii aiten as dcsciibcd in an cailiei papci ' A pniso 
stung 3 0 silk siitnie Mas placed in the miocaidmm close to the ischemic aiea 
and a 1 to 2 mm incision Mas made in tlic epicaldnnn It Mas noted that if 
the sntnie Mas placed inside the bluish, sometimes bulging, ischemic aiea, 
it iei\ casih ent thiongh the muscle fibeis and had to be icpiaeed in an 
intact aiea 

The distal end of the tube that Mas pcifoiated Mas filled Mith blood fiom 
the maininaii aitcn and pushed thiongh the epical dial incision The pime 
stung sntiiie Mas tightened aionnd it and tied o\er a small piece of fielfoam 
An attempt Mas made to plaee the nitiannoeardial pait of the peifoiated 
tube at the boidcilinc betMcen the hcaltln and the ischenuo paits of the 
nnoeaidinni Aftei lelease of the blood flow thiongh the tube, theie nsuallv 
Mas no. 01 len little, bleeding baekMaid fiom the epieaidial incision The 
tube Mas seemed to coinenioiit tissues b\ some silk stitches Speeial eaic 
Mas taken that the tube did not cicate a possibiliti foi lieiniation of the Inng 

In G dogs the same opeiation m.is undci taken on the same indications 
as aboio, lint in these e.ises the in Ion tube Mas closed and thus, a sham opeiation 
Mas pcifoimed Mitliont am blood eiitciiiig the iinoeaidinm fiom the inteinal 
mammals aiteis 

Since it IS knoMii that adhesions iiias foim lietMcen the peiicaidium and 
the cpicaidinm,® icndciing additional iiirocaidial blood snpph, the peiieaidial 
incision Mas closed onh at the base ot the hcait to coiei the tube The chest 
Mas closed mtli diaiiiage The dog Mas kept on aitificial lespiiation Mitli 
100 pel cent oxigeii one to 2 lionis postopeiatneh, and 300,000 lU of penicil¬ 
lin Mas gnen intiaimisenlaih Elcctiocardiogi.ims Meie iptoided befoie the 
opeiation and dniiiig the postopeiatne conisc 

BESULTS 

The 16 dogs Minch Meie oiilj snbiectcd to Jig A1 Miie implantation died 
Mitlim 15 dais of the opeiation (Table 1) HoMeici, 4 dogs fibiillatcd duiiiig oi 
immediately aftei the opeiatne pioccdmc These dp.itlis must bp ,i seiincl ol 
the manipulations of the eoioiiaii aitcn or caused bi mcehanical occlusion 
b\ the Miic pel sc 

’’Thfrnioslav Inc Ootlicnburfr Suf^len 
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At postmortem examination of the remaining dogs, myocardial infarction 
was observed in all cases. In 4 dogs, surviving 4 to 15 days after the Avire im¬ 
plantation, the Avire Avas dissolved and a throm])us Avas found at the site 
of the implantation (Fig. 1). In some other eases there Avas slight erosion 
on the surface of tlie Avire, and there Avere .signs of beginning llirombus formation 
(fibrin deposits, etc.). 



Tablk I. Control Explrimknts 


r.xrnRi- 

MENT 

NO. 

SITE OP Mg-Al WIRE 
IMPLANTATION 

DEATH (TIME 
AFTER IMPLANTA¬ 
TION) 

NOTES 

1 

Riglit coronary artory 

1 hour 

Ventricular fibrillation 

2 

Right coronary aitcry 

4 liours 

Severe myocardial ischemia 

3 

Right coronary artery 

4 day.s 

Severe myocardial infaiction 

4 

Right coronary artery 

7 days 

Aitcry occluded by thrombus, 
myocardial infarction (Fig. 1) 

5 

Right coronary artery 

8 days 

Aitcry occluded by thrombus, 
myocardial infaiction (Fig. 1) 

C 

Right coronary artery 

15 days 

Aitcry occluded by thiombus, 
myocardial infarction (Fig. 1) 

7 

Lott descending artery 

Immediately 

Ventricular fibrillation 

8 

Left descending aiteiy 

3 Iiours 

A^cntricular fibrillation 

9 

Left descending arteiy 

1 day 

Myocardial infarction 

10 

Left descending artery 

2 days 

Myocardial infaiction 

n 

Lefi descending artery 

4 days 

Artery occluded by thrombus, 
myocardial infarction 

12 

Left descending artery 

0 days 

Septal artery blocked, septal in¬ 
farction, infarction of the my¬ 
ocardial wall 

1.3 

Left circumflex artery 

Immediately 

Ventricular fibi illation 

14 

LefI circumflex artery 

2 days 

Myocardial infarction 

ir, 

Left circumflex artciy 

2 days 

Myocardial infarction 

10 

Lefi eiicumflex artery 

4 days 

Myocardial infarction 
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STUDIES OF CORO^AKI IIBCUL VTION IV 


d-iO 

In the senes of dogs vhieh woie opeiatid upon uith tlie tube implantation, 
tlio uiie was insetted at tlie same stagi is tlie tube in 2 dogs (Table II) The 


Tabll II Doas With ExPEriAiENTALm Imli-lij Coposaps Tiifombosis a\d AtiocuDivi 
IsrucTiON, Subsequent Iniilaatatiov of Tube 


ENPEBI 

MFM 

NO 

1 

SITE OF Mg a1 vni E 
IMPLANTATION | 

TUBE iNscrm 
(DWS 4FTEr 1 
FIRST OPEP\ 

Hf N 

1 

, 

F4TE OP DOO 1 

NOTES 

17 

Iiiglit coronary nrterj 

Simultnntnu'iU 

Diel 2 da%s later 

Pkural cnlp^eml 
tulic patent 

18 

Right coronary artcrx 

3 

s iriived 


19 

Right coronal} artery 

J 

s ini^ed 


20 

Right coronar} arterj 

I 

survi\ed 


21 

Loft descending irter4 

Siniultane i 

!»iel 1 d IV pO'if 

Pulrnonan itilic-. 
tasia tnlie pat 
ent 

22 

Loft desccnflmg arti-r\ 

J 

Survived 


21 

Loft descending arter\ 

2 

Survi\eil 


24 

Left descending arter} 

>’ 

Sunned 


25 

Left do«!( ending arterv 

i 

f>ied 15 do\s 
later 

Abortion, tide 
patent, coron in 
art occluded 
old infarction 

20 

Left de<!eending a^te^^ 

4 

‘'ur\u(d 


27 

Left descending arterv 

4 

Sunned 


28 

Loft dc'sceadmg ii t<n 

4 

Vent filinll nn 
mediate)} po«t 


20 

Left descending artcri 

7 

Sunned 


30 

I eft circuniflo\ artery 


Sur\nc(] 



r eft circunifle\ arterv 

2 

Survived 



other dogs iteio opeiatcd upon 2 to 7 dais aftei the inie implantation In 
these dogs, as a lule, iie found at the second opoiation definite micioscopie 
eiidtnec of miocardial infaictioii, nhicli iias in most cases substantiated bi 
clectiocardiogiams and the clinical state of the animal Theie ii.as hluishncss 
oici the aiea of distiibiitioii of the peitinent aiteii, and at piobing theic 
lias lack of injocaidial tonus The icsscls of the bluish aiea iieie stiaightcned 
out and flattened It iias felt thcie was a diffeience in contiactile stiength 
between this aiea and the sutioundiiig healthi miocaidium Sometimes, also, 
definite bulging of the isehemit aici i\as obseiied and, in a few cases, theie 
lias paiadoMcal sjstole The boideiliiie bctiieen the pathologic and the 
healthj looking aiea usually iias lathei shaip 

Aftei implantation of the nilon tube in the miocaidium, no immediate 
changes in the coloi oi geiieial appeaiance of the ischemic aiea could be seen 
Eleioii out of la dogs opciated upon iiith tube implantation siuiiicd, the time 
ot obsoiiation being at least 4 months One dog died fiom lentiiculai fibiil 
lation immediatch aftei the elosuie of the cJicsf Tiio dogs died fioni plenio 
pulmonaii complications, in these dogs the tubes iieie found to be patent 
Anothei doi' died 15 dais aftei tlie second ojieiation Also, iii this dog the 
tube lias found to bo patent, and the mjoeardium iias in the heiling stigi 
ot iiifaiction 
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At postmortem examination of tlie remaining dogs, myocardial infarction 
was observed in all cases. In 4 dogs, surviving 4 to 15 days after tlie -vvire im¬ 
plantation, the wire was dissolved and a thrombus Avas found at the site 
of the implantation (Fig. 1). In some other eases there Avas slight erosion 
on the surface of the Avire, and there Avere signs of beginning thrombus formation 
(fibrin deposits, etc.). 



Table I. Control Experiments 


EXPERI¬ 

MENT 

NO. 

SITE OF Mg-Al AVIRE 
IMPLANTATION 

DEATH (TIME 
[ AFTER IMPLANTA¬ 
TION) 

NOTES 

1 

Right coronary artery 

1 hour 

A'^entricular fibrillation 

2 

Right coronary artery 

4 hours 

Severe myocardial ischemia 

3 

Right coronary artery 

4 days 

Severe mA'ocardial infarction 

4 

Right coronary artery 

7 days 

Artery occluded by thrombus, 
myocardial infarction (Fig. 1) 

5 

Right coronary artery 

8 days 

Arterj’ occluded bj’ thrombus, 
myocardial infarction (Fig. 1) 

6 

Right coronary artery 

15 days 

Arteiy occluded bj’ thrombus, 
mA'ocardial infarction (Fig. 1) 

7 

Left descending artery 

Immediately 

A^’entricular fibrillation 

8 

Left descending artery 

3 hours 

A^entricular fibrillation 

9 

Left descending artery 

1 day 

ilj’ocardial infarction 

10 

Left descending artery 

2 days 

iMA'ocardial infarction 

11 

Left descending artery 

4 days 

Artery occluded bj’ thrombus, 
mA’ocardial infarction 

12 

Left descending arterj- 

6 days 

Septal artery blocked, septal in¬ 
farction, infarction of tlie mj’- 
ocardial Avail 

1.3 

Left circumflex artery 

Immediately 

Ventricular fibrillation 

14 

Left circumflex artery 

2 days 

Myocardial infarction 

15 

Left circumflex arteri- 

2 days 

Myocardial infarction 

16 

Left circumflex artery 

4 days 

Myocardial infarction 
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othc; dogs \scic opciatcd upon 2 io 7 <lat<f iiUct the une iniplniiLilinn In 
these dogs, as a mle, t\o found at tho sceoiid opei<iiion deiiinto inu'ioscopie 
cMdeuee of miocaulud mfaicUou, which was in most cases suhstautuitdl h> 
clectiocfluliogiams and the clinical slate of the anininl There was hluishuess 
o^er the aiea of (hstiibution of the peilincnl nilcii, and at jnohmg thcie 
was lack of iinocaidial toirns The ^essels of the bluish aica weic slraightcned 
out and flattened It was felt theic was a di/lcicncc m couUacUle stiougth 
between this aiea and the siinoundnig hcaltln iinocaidium Sornttinu-S, also, 
dehiutc Imiging of the ischcniic aica was observed and, in a few uists, |Ii<ie 
was paiadoMcal svstolc The boideilmc between the iwlUologu' awd tlie 
healths looking aiea mnallv was latJici sharp 


Aftei implant.itioii of tlic mlon tube in the m\oc.iulium, no immedi.itc 
changes in the coloi oi genoi.U aiipc.nimec of the iseliemic are.i eould he seen 
Eleven out of 15 dogs opeiatcd npon svith tiihe impknlation sunned the tune 
of observation being at least 4 months One dog dted fuim vcnti.cu’ln, filud 
lalm immed,atel> aftei the closu.c of the cl.est Two dogs died fiom pkuio 
pulmonaiv eomphcut.ons, in these dogs tin. tubes vveie found to he mtent 
Anotliei dog died 15 daj-s after the second operation Also in th s do- the 
u. f.ud to be patmit, and the mvoeaid.um ii.is m U.r 
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At postmortem examination of the remaining dogs, myocardial infarction 
was obsei’ved in all cases. In 4 dogs, surviving 4 to 35 days after the wre im¬ 
plantation, the wire was dissolved and a thrombus was found at Ihe site 
of the implantation (Fig. 1). In some other eases there was sliglit erosion 
on the surface of the Avire, and there were signs of beginning thrombus formation 
(fibrin deposits, etc.). 



Fiff 1.—Thrombus attached to tlie wall Uit arrow) of the rlpht coronary altcry 7 daj'.s after 
the insertion of a magnesium-aluminum alloy wire. 


Table I. Control Experiment,s 


EXPEPvI- 

MENT 

NO. 

SITE OP Mg-Al WIRE 
IMPLANTATION 

DEATH (TIME 
AFTER IMPLANTA¬ 
TION) 

NOTES 

1 

Right coronary artery 

1 hour 

Ventricular fibrillation 

2 

Right coronary artery 

4 hours 

Severe myocardial ischemia 

3 

Riglit coronary artery 

4 days 

Severe myocardial infarction 

4 

Right coronary artery 

7 days 

Artery occluded by thrombus, 
myocardial infaiction (Eig. 1) 

5 

Riglit coronary artery 

8 days 

Altery occluded by thrombus, 
myocardial infaiction (Fig. 1) 

6 

Right coionary artery 

15 days 

Artery occluded by thiombus, 
myocardial infarction (Fig. 1) 

7 

Left descending artery 

Immediately 

Ventricular fibrillation 

8 

Left descending artery 

3 hours 

Ventricular fibrillation 

9 

Left descending artery 

1 day 

Myocardial infarction 

10 

Left descending artery 

2 days 

Myocardial infarction 

11 

Left descending arteiy 

4 days 

Artery occluded by thrombus, 
myocardial infarction 

12 

Left descending artery 

6 days 

Septal artery blocked, septal in¬ 
farction, infarction of the my¬ 
ocardial wall 

13 

Left circumflex artery 

Immediately 

Ventricular fibrillation 

14 

Left circumflex artery 

2 days 

Myocardial infarction 

15 

Left circumflex arteiy 

2 days 

Myocardial infarction 

16 

Left circumflex arteiy 


Myocardial infarction 



\ ! in c 37 
Nun bcr 4 


STuniLs or coronaki circul \tion iv 


In tile setics of dogs mIiicIi vote opeiatod itpon nith the tube imphiitation, 
the ttiic t\as iiiseitcd <it the same stage as tlic tube in 2 dogs (Table II) The 


lAiiii tl Doas With LxPEriMFVTALM IsDocfco CorovAri Tiitombosis a\d JiIiooArDiAi, 
IvFUCTjos, Subsequent Ijipmatatiov of Tube 


EKPERI 

Mr\T 

NO 

SITE OF Mp a1 W 11 } 
IMPLANTATION 

TUBE INSEPTHl | 
(DV\‘?AfTFP j 

ursT orfPA I 
TION i 

i 

FAIF OF BOO i 

NOTES 

17 

coronttr\ artor) 

Simultanoou'?!} 

Died 2 dajs later 

Pleural einpv ein i 
tube patent 

58 

Riglit coronary arton 

3 

Survived 

19 

coronary art» r\ 

3 

Survived 


20 

liipht coronary artor\ 

4 

Sun ived 


23 

Loft (le-tintling artorv 

‘^iinultaaoouslj 

Died 1 dav post 
op 

Piiluioiiarv ateleo 
tasis tube pat 
ent 

no 

I ift (Ic'^ccnflinij arton 

o 

Survived 


23 

I oft do'-cciulinp artor\ 

2 

Snnivod 


24 

Loft do«con(linff artorv 

3 

Survived 


25 

Loft f3(«((n(linif nrton 

3 

Die 1 15 daw 
later 

Abortion tube 
p itent, coronal \ 
art occluded, 
old infarction 

20 

loft d('ioondmL'^ artorv 

4 

Snrv vod 


27 

r oft do‘!(*on(linfi: artorv 

4 

Survived 


28 

r f ft (Iosco ulmg- utor) 

4 

Vent filirilJ ini 
niodiatel} po'vt 


20 

r oft {Ic'^oonding nrforj 

7 

Sunned 


30 

Toft oircumfloN nrtojv 

2 

Survived 


31 

Toft circunifloN artorv 

*) 

Survived 



otliei dogs ueic opeiated upon 2 to 7 dais nttci the line implantation In 
those dogs, as a lule, ■no found at the second opcintion definite inicioscopie 
tiidcnce of inioeaidial infaiction, uhich nas in most cases substantiated bi 
cloctiocnidiogiams and the cluneal state of the aninnl Tlieic ivas bluisliness 
o\ei the area of distiibution of the pcitinent aiten, and at piobing there 
uas lack oi injoeaidial tonus The \cssels of the bluish aiea iieie stiaiglitened 
out and flattened It was felt thcic was a diffcience in contiaetile stiength 
hetiieen this aica and the suuotindiiig licalthj miocaidium Sometimes, also, 
definite bulging of the ischemic aica itas obsened and in a few cases, tlieie 
uas paiadoNical sjstole The boidciline betueen the pathologic and the 
healtlij looking aiea iisualh \ias latliei sliaiTi 

Aftei implantation of the ntlon tube m the miocaidiuni no immediate 
changes in the coloi oi geneial appeaiance of the ischemic aica could be seen 
Illeicn out of 15 dogs opeiated upon uith tube implantation sunned, the time 
of obsenation being at least 4 months One dog died fiom \entiiciilar fibril 
lation immediately aitei the closure of the chest Tuo dogs died fiom pleuio 
pulmonan' complieations, in these dogs the tubes ueie found to be patent 
Anothei dog died 15 dajs aftci the second opciatioii Als^ in this dog the 
tube was found to be patent, and the mtocaiduim nas in the li eilm g stage 
of infaietion ' f 
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A bluicl tube u'as implanted in the myocardium in G dogs (Table III). 
All of these dogs died shortly afloi' the second operation. The longe.st survival 
was G days after the sha?n lube imidantation and JO days after the wire 
implantation. 


Tauls hi. iSiiAM Opeuatiox — Bi.ixi) Nylo.v Tube Implaxted ix Doo.s AVitii Rigxs of 

MyOCAKWIAI, IXFAKCTIOX 


EXPF.UI- 

WEXT 

xo. 

j 

SITE OF Stg-Al AViniC 
I.AtPLAXTATlOX 

BLIXD TUBE 

IX.SEUTED 
(DAYS AFTER 
F1P,.ST OPERA- 
TIOX) 

I 

FATi: OF THE DOO 

XOTES 

32 

Right coronary artery 

4 

Died (i day.s after 
2nd operation 

Myocardial 

infarction 

33 

Eight coronary artery 

4 

Died 1 day after 
2nd operation 

Myocardial 

infarction 

34 

Left descending artery 

2 

Died 3 hours after 
2nd operation 

Myociirdial 

infarction 

35 

Left descending artery 

3 

Died I day after 
2nd operation 

A^'cntricular 

fibrillation 

3G 

Left descending tirtery 

3 

Died 3 days after 
2nd opertition 

Severe 

myocardial 

infarction 

37 

Left descending artery 

3 

Died 3 days after 
2nd opertition 

Severe 

myocardial 

infarction 


Summing up, in a control series Avith induced coronary artery occlusion 
and myocardial infarction, the mortality aats 100 per cent. In a similar 
series, treated AA'ith intramyocardial implantation of a nylon tube carrying- 
blood from the internal mammary artery, the rate of surviA'al Avas 11 out of 15 
animals (73 per cent). When a sham procedure Avas undertaken Avith a closed 
nylon tube in 6 animals, all died AA’ithin 6 days of the sham operation. 

DISCUSSION 

If a magnesium-aluminum Avirc is inserted into a major coronary artery, 
one of three things maj' happen. The dog may die from ventricular fibrillation 
in connection Avith the operatiA’c procedure (it is Avell knoAvn that manipula¬ 
tions and even temporary occlusion of a coronary artery often result in this 
complication). Second, the AAure itself could obstruct the lumen, causing myo¬ 
cardial ischemia rather quickly after the insertion. Third, a thrombus could 
develop around a skeleton of metal mesliAvork, and this thrombus could pro¬ 
gressively obstruct the lumen. In the control series, probably all three alterna- 
tiA^es are represented. For a comparison AA'ith the experimental series, only 
the dogs Avith a sloAA'ly developing thrombosis are of A'alue. In the control 
series, 11 such dogs are included, all of AA'hich died betAveen the second and 
fifteenth daj^ of the implantation of the AA'ire. Judging from the findings at 
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implantation. These dogs were reoperated upon on the second to seventh 
day after the first operation. A nylon tube was inserted into the internal 
mammary artery and its other end buried in the border zone between the 
healthy and the ischemic myocardium. The dogs operated upon with this 
procedure suiwived a manifest myocardial infarction to 73 per cent (11 out of 
15 animals). In 6 dogs, the same procedure was undertaken, but the im¬ 
planted tube was closed. All these dogs died within 6 days after the second 
operation. 

It is concluded that the intramyoeardial implantation of a nylon tube 
carrying blood from the internal mammary artery, at least for some time, is 
effective in maintaining the necessary arterial blood supply to the ischemic 
area of the myocardium, and this procedure was contributoiy to the survival 
of the dog. 
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THE ASSOCIATION OF HIATUS HERNIA AND 
GASTROESOPHAGEAL MALIGNANCY 

Richard H, Adler, M.D., and Jose Rodriguez, /M.D., Buffalo, N. Y. 


T he association of liiatus liernia and gastroesoiiliagcal malignancy has been 
a subject of interest in recent years. Whether this association is merely a 
coincidence or whether there is a cause and effect relationship remains un¬ 
settled. Tor e.xample, Brick' .stated, in 1949, that, “The chances of a patient 
with hiatus hernia developing a carcinoma of tlie stomach was four times less 
than in patients ivithout a hiatus hernia.” It wa.s his impression that, “The 
hiatus hernia itself affords some protection against gastric cancer just as 
duodenal ulcer appears to protect the patient against gastric cancer.” In 
1952, Pack and his co-workers’* reported 2 eases of total intrathoraeio stom¬ 
achs with gastric carcinoma. These authors postulated that the theoretical 
likelihood of a patient irith a diaphragmatic hernia developing cancer within 
the intrathoraeic stomach was about 1 in 180.000. That same year, Feldman 
and Myers’ repoi’ted 3 cases of esophageal hiatus hernia with gastric carcinoma 
and found an additional 43 cases recorded in the literature. They concluded 
that the incidence of gastric carcinoma was not significantly greater in tho.se 
with hiatus hernia than in tho.se without herniation. Smithors,’' however, in 
1955, reviewed 108 recorded eases of esophageal hiatus hernia and associated 
ga.stroesophageal malignancies, including 20 cases of his omi. It wa.s his im¬ 
pression that the combination of heimia and tumor due to chance was unlikely 
That same year. Tanner’® reported 25 cases of his oivn and stated that, “1 
have found this association so often that I wonder whether reflux esophagitis 
might not be a cancer provoking lesion.” 


From the Buffalo General Hospital and the Boswell Park Memorial IriBtltute and the 
Department of Surgerj', The Unhersity of Biiffalo School of Medicine, Buffalo, N. Y 
Received for publication Sept. 5, 1958. 
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Eecent experience with several eases of hiatus hernia "with gastric and 
esophageal malignancj' stimulated our interest in this association. All avail¬ 
able literature on the subject has been reviewed. Smithers presented a col¬ 
lective review of all published cases in 1955.^® A number of other reports 
have appeared during the last several years.^> ■*’ In addi¬ 

tion, cases of hiatus hernia with gastroesophageal malignancy have been un¬ 
covered in publications not concerned specifically with this association. The 
number of cases included in our review is listed in Table I. 


Table I. Cases of Hiatus Hernia and Short Esophagus With Associated 
Gastroesophageal Malignancy 


AUTHOR 

DATE 

ADENO- 

CARCINOltA 

SQUAMOUS- 

CELL 

CARCIXOMA 

SARCOMA 

HISTOLOGY? 

TOTAL 

Polley 

Smitiiers (collected 

1941 

2 

— 

— 

— 

2 

review) 

1870-1955 

37 

9 

5 

57 

108 

Tanner 

1955 

16 

9 

— 

— 

25 

Pattinson 

1955 

9 

— 

— 

— 

9 

Smith 

1955 

1 

— 

— 

— 

1 

Wiley 

1956 

6 

1 

— 

4 

11 

Dunlop 

1956 

7 

3 

— 

— 

10 

Kay and Cross 

1956 

5 

2 

— 

— 

7 

Moble}' & Christensen 

1956 

— 

■— 

— 

1 

1 

Blades & Hall 

1956 

1 

.— 

-- 

— 

1 

Friedman 

1957 

2 

— 

-- 

— 

2 

Peters 

1958 

3 

— 


— 

3 

Sparks 

1958 

— 

— 

— 

9 

9 

Boyd et al. 

1958 

— 

1 

-- 

— 

1 

Adler & Eodrigniez 

1958 

15 

6 

1 

— 

22 

Totals 


104 

31 

6 

^10911 

212 


Some cases were lacking in specific details, such as neoplastic cell type 
and exact tumor location, but, in a few instances, this information was ac¬ 
quired through other references. It should be emphasized that our listing 
does not represent the total number of cases of hiatus hernias with gastro¬ 
esophageal malignancies reported in the literature. It was not practical to 
review every publication on subjects such as i-eflux esophagitis, short esopha¬ 
gus, and diaphragmatic hernia in an effort to uncover additional scattered 
eases of hiatus hernia associated with gastroesophageal malignancy that may 
have received only passing comment in publications not concerned with this 
association. Nor was it feasible to include a meaningful analysis of the foreign 
literature. Therefore, this paper will concentrate on the English language 
literature and our own data. 

CLINICAL DATA 

All eases of hiatus hernia, primary malignancy of the stomach, and pri¬ 
mary malignancy of the esophagus from the Buffalo General Hospital and the 
Roswell Park Memorial Institute for the 11-year period Januaiy, 1947, through 
December, 1957, have been reviewed. The Roswell Park Memorial Institute 
is a state hospital for neoplastic diseases and provides excellent facilities for 
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complete studies of gastrie and esophageal malignaneies. The Buffalo General 
Ilospital has aetive private and ward teaching services and presents a some¬ 
what loss specialized sampling from the general population. It seemed quite 
natural to combine the data from these two hospitals because of their geo¬ 
graphic proxim.itj' and the authors’ associations with each institution. 

During this 11-year period, there were G97 hospital admissions with gas¬ 
tric malignancy; 388 to the Buffalo General Hospital and 309 to the Roswell 
Park Memorial Institute. Seven malignancies were sarcomas and the rest 
were carcinomas. Special attention was directed to malignancies involving 
the gastric cardia since this area of the stomach is particularly disturbed in 
liiatus hernia. Unfortunately, an exact definition of the term cardia is lack¬ 
ing, due to the fact that the area is without absolute anatomic landmarks and 
a concept of what the word refers to differs among individuals. For purposes 
of this study, however, the cardia was arbitraril}* chosen to mean the area of 
stomach extending approximately 4 to 5 em. inferiorly from the gastroesophag¬ 
eal junction. Not all tumore were confined entirely to this area, and many 
involved varying amounts of distal stomach ns well. In larger tumors, it was 
usually impossible to be certain whether the tumor actually arose from the 
cardia or involved it by extension. Unless the tumor extended to the gastro¬ 
esophageal junction, however, it was not considered as a malignancy involving 
the cardia. Foi' example, a tumor involving tlie gastric fundus but not in 
close proximity to the gastroesophageal junction would not be included as a 
tumor involving the cardia. The location of the tumor was determined on 
the basis of radiographic, surgical, and pathologic descriptions. Of the 697 
gastrie malignancies, 121 (17.3 per cent) involved the gastrie cardia. 

There were 302 hospital admissions for primary esophageal malignancy 
during this period; 97 to the Buffalo General Hospital and 205 to the Roswell 
Park Memorial Institute. As with the gastric malignancies, the eases in which 
the diagnoses were in question were not included in this analysis. For example, 
there were 243 eases of probable esophageal malignancy at the Roswell Park 
Memorial Institute during this period, but only the 205 cases verified histo¬ 
logically were included in this study. Three of the 302 esophageal malig¬ 
nancies were sarcomas; the rest were carcinomas. Twenty-one of the malig¬ 
nancies involved the cervical esophagus. The distal one third of the intra- 
thoraeie esophagus received special attention since this area is particularly 
exposed to the irritating effects of gastroesophageal reflux and obstructive 
stagnation that may be associated with hiatus hernia. Normally this segment 
would include approximately the distal 8 cm. of the intrathoracio esophagus 
or that part beyond the level of the inferior pulmonary vein. In practice, 
however, these areas could not always he rigidly defined, especially in the pres¬ 
ence of a large hiatus hernia. A special effort was also made to classify neo¬ 
plasms as to location and cell type rather than have a vague group of “eardio- 
esophageal” tumors. This was accomplished by analyzing all available infor¬ 
mation obtained by x-ray, esophagoseopy, surgery, and autopsy. Of the 302 
esophageal malignancies, 73 (24.1 per cent) involved the lower third of the 
intrathoracic esophagus. 
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A total of 814 patients with hiatus hernia were admitted to both hospitals 
during this period; 676 to the Buffalo General Hospital and 138 to the Roswell 
Park Memorial Institute, iilost hernias were diagnosed by x-ray studies and 
some were verified at surgery. Five cases of hernia at the Buffalo General 
Hospital and ]0 of the Roswell Park Memorial Institute group were of the 
parahiatal type. These were included in the review although they differ in 
certain respects from the sliding hiatus hernia. Unfortunately, not all roent¬ 
genograms were available for our review; in this situation the radiologist’s 
report was used. Many of these cases have been carefully analyzed as part of 
another study on hiatus hernia,but the entire group was not thoroughly 
reviewed for symptomatology. In those analj'^zed, however, there was little 
correlation between hernia size and severity of symptoms. 

Certain interesting findings followed further analysis of the hernias. 
There were 505 females and 309 males. Of the total 814 hernias, 21 (2.5 per 
cent) had an associated gastroesophageal malignancy. Their distribution is 
shown in Table II. One patient (Case 10), although seen in 1957, was not 
included in the 11-year analysis ending December, 1957, ))ecause surgery was 
not perfoiTued until early 1958. 


TAKi.n II. Gastkocsopiiaosal Malignancy With Associatkd Hiatus Hurnia 
Location and Histology (B.G.H. and R.P.M.I.) 


LOCATION 

adkno- 

CARCINOMA 

1 SQUAMOUS- 
CULL 

CARCINOMA 

SARCOMA 1 total 

Esophagus (Intrathoraoic) 
Upper third 


2 

9 

Middle third 

_ 

1 

_ 

Lower third 

2 

3 

1 

Stomach 

Cardia (primarily) 

8 


12 

Cardia (plus distal in- 

4 

_ 

— 

volvement) 




Totals 

14 


21 


When these 21 cases of hiatus hewiia associated with gastric or esophageal 
malignancy were examined from the aspect of sex incidence, a definite differ¬ 
ence was noted. There were 309 males with hiatus hernia of which 16 (5.1 
per cent) had an associated malignancy, whereas only 5 (0.9 per cent) of the 
505 females with hiatus hernia had an associated gastroesophageal malignancy. 

Because the gastric cardia and distal esophagus are sites that should be 
most affected by any deleterious effects associated with hiatus hernia, these 
areas were examined further. Of 121 malignancies involving the gastric 
cardia, 12 (9.9 per cent) had an associated hiatus hernia. There were 73 
malignancies of the distal one third of the intralhoracic esophagus, of which 
6 (8.2 per cent) had an associated hiatus hernia. This made a total of 194 
eases with malignancies involving the gastric cardia and distal esophagus, of 
which 18 (9.2 per cent) had an associated hiatus hernia. 
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cvsr RFI’ORTS G\STROrSOriI\OFVL MVLIC\A\CIES WITH ASSOCr\TFD HIATUS 

IirRNUfe 

I Gastric Malignancies With Associated Iliat ts Hernias — 

C\SF 3 —H S , a >e'ir old vlate ^\om^n was admitted to B G H on Julj 20, 1948, 
complaimn/j of dj spjjagia for 6 months nith a 20 pound weight loss, and \omiting for the 
prcMous 10 da>s Esophagogram perfomed els ^\hetc 8 months piior to admission, had 
been interpreted ns showing stenosis in\olMng llo lowoi esophagns "When the roentgeno 
grams were renewed, a hiatus hernia was note I At csophagoscopj, a tumoi that bled 
easily was encountered at a lei cl corresponding to the area of stenosis seen on the 'craj 
films On biopsj, this proiod to bo an adenocnrcinonia At surgery on July 28, 1948, the 
cardia was found hennated through a patulous hiatus The tumor inxolving the eardia 
and extending to the distal C‘iophagus was resected The surgeon felt that this probably 
represented a congonitalh short C'^ophagus with a gastric carcinoma 

C\SF 2—"W r a 58\carold white man was admitted to B G H on Aug 5, 1948, 
with complaints of epigastric gas pains and fatt\ food intolerance for the past 4 months He 
claimed that ho had had *'an uneasj stomach for nian\ years A. ray studies on Aug 8 
1948, showed a hiatus henna and tumor thought to inxohe the distal esophagus X ray 
studies elsewhere, 2 months previously, had shown a hiatus hernia At csophagoscopj, 
on August 10, the endoscopist felt that the cardia was above the level of the diaphragm 
A fnable, granular mass was seen extending into the distal esophagus which on biopsj 
proved to bo an anaplastic papillaiy adenocarcinoma A nonrescctablo tumor involving 
the cardia and distal esophagus was found at «urgcrj on Aug 30, 1948 There was no 
mention of a hiatus hernia in the operative report 

Case 8 —J G, a 47jcarold white man, was admitted to B G H on Dec 28, 1948 
because of dysphagia, substernal sticl ing of food and vomiting for the previous 3 months 
\ raj studies at tint time showed the presence of cardiospasm Nothing abnormal was found 
on esoplngo^copy Tlie patient was discharged and readmitted on March 7, 1949, because of 
progressive djsplngn and a 25pound weight lo*«s Esoplngoscopy on March 7 revealed 
prominent inflammatorj folds in the lower esophagus that bled easilj A biopsy taken 
from this area showed edema and congestion Roentgenograms on March 14 were inter 
preted as showing a congenitallj short esophagus with hiatus hernia and an obstructing 
lesion thought to be on an inflammatory basi« Because djsphagia persisted, despite 
esophageal dilatation, surgerj was performed on April 1, 1949 An unsuspected tumor 
was found at the cardioesophageal junction This was resected and found to be an adeno 
carcinoma arising from the carclia The operative report did not mention the hiatus hernia 

CvSE 4 —E , a 51 year old white man, was admitted to B G H on Jan 21, 1952, 
because of djsphagia, substernal pain, and regurgitation of 2 months’ duration X ray 
studies on Januarj 23 revealed *‘a hiatal hernia with a filling defect in the cardia con 
sistent with malignancy ” Esophagoscopy revealed nothing abnormal in the esophagus 
except for a modernte amount of ^'cardiospasm At surgery, on Jan 26, 1952, a tumor 
w as found inv olving the cardia and the hiatus The tumor was resected and this prov ed 
to be an adenocarcinoma The surgeon did not mention the hiatus hernia in his operative 
report 

qase 5 —G B , a 61 j car old white man, waa admitted to B G H on Jan 11, 1953, 
complaining of solid food sticking in his throat for the previous 3 weeks X raj studies 
revealed a hiatus hernia and a lesion interpreted as esophageal polj-p (Eig 1) At esophagos 
copj, a papillary tumor was found 40 cm from the upper incisor teeth and biopsj revealed 
It to be an infiltrating adenocarcinoma At surgerj, on Jan 15, 1953, a tumor of the cardn 
extending to the distal esophagus was found and resected Examination of the surgical 
specimen confirmed the diagnosis of adenocarcinoma The liiatus hernia was not men 
tioned in the operative report 
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Case 6.—A. M., a 68-year-old rvliite man, was admitted to R. P. M. I. on July 26, 1955, 
because of dysphagia, low substernal pains, and food sticking in the lower chest for ap¬ 
proximately 2 months. X-ray studies on July 26 levealed a filling defect within a hiatus 
hernia. Esophagoscopy at that time showed edematous hyperemic gastric mucosa with 
superficial ulcerations, 36 cm. from the upper incisors. No tumor was seen. Esophagoscopy 
was repeated on Sept. 23, 1955, again revealing edematous gastric mucosa at the 35 cm. level 
with a distinct change from esophageal to gastric mucosa. No tumor was seen. Roentgeno¬ 
grams made on Doc. 20, 1955, showed a lesion within the herniated portion of the stomach 
extending to the lower esophagus. Esophagoscopy at this time revealed induration at the 
38 cm. level without a definite tumor mass. The biopsy report was for mucous membrane. 



Pig'. 1.—Case 5. Tw'o x-ray views of hiatus hernia from patient with adenocarcinoma 
of cardia. Malignancy not suspected radiographically. Note filling defects in hernia due to 
tumor (see text). 

X-ray studies on Jan. 5, 1956, again showed a polypoid filling defect now invol'ving the lower 
esophagus and extending to the gastiic fundus. The hiatus hernia was not noted at this time. 
At surgery, a nonresectable tumor wms found invading the cardia and extending to the 
esophagus. The histologic diagnosis wms carcinoma of the stomach. The operative report 
made no note of a hiatus hernia. 

Case 7.—S. S., a 60 year-old white man, was admitted to B. P. M. I. on Oct. 8, 1954, 
because of abdominal gas pains radiating to the chest for the past 2 months. Roentgeno¬ 
grams on October 29 were described as showing that the proximal stomach herniated 
through the diaphragmatic hiatus with what was interpreted as a paraesophageal hernia. 
Unfortunately, these films were not available for us to review. The patient was subse 
qnently admitted to another hospital in August, 1955, because of anorexia, W'eight loss, 
and emesis. Exploration revealed generalized carcinomatosis with a tumor involving the 
cardia and lesser curvature of the stomach. The records did not reveal whether a hiatus 
hernia had been noted at the time of surgery. 
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Case 8.—A. D., a CC-ycar-old Negro woman, was admitted to R. P. il. I. on March 14, 
1955, because of loft upper abdominal and flank pains radiating to the left subscapular 
region and a 15-pound weight loss during the previous several months. A firm mass could 
bo palpated in the upper abdomen. X ray studies revealed a hiatus hernia with multiple 
filling defects in the cardia and mid stomach. Esophngoscopy was not done. At surgery, 
a carcinoma involving the cardia and most of the stomach was found. The pathologic 
diagnosis uas carcinoma of the stomach. The operative report made no mention of a 
hiatus hernia. 



Fig” 2 —Case 10 Roentgenoeram of hiatus hernia with gastric carcinoma involving^ iierni- 
ated Cardia Carcinoma not suspected Initially, but coarse irrogula: muco'^al folds noted 
by another radiologist aroused suspicion of cancer In the hiatus hernia (see text) 

Case 9.—^L. M., a (36 year-old white man, was admitted to E. P. M. I. on March 9, 
1956, because of epigastric distress, gas pains, and belching for the previous 3 months. 
On Jan. 8, 1956, he had been admitted to another hospital because of upper abdominal 
pains of 2 weeks* duration. Gastrointestinal x-ray studies showed a hiatus hernia and 
a pressure defect in the second portion of the duodenum, diagnosed as subacute pancreatitis. 
The patient died at B. P. M. I. without surgery, and autopsy disclosed a carcinoma involv¬ 
ing the cardia and lesser curvature of the stomach. A cyst of the pancreas was responsible 
for the duodenal distortion noted in the x-ray studies. The pathologist made no mention 
of the hiatus hernia in his autopsy report. 

Case 10.—C. S., a 49 year old white man, was admitted to B. G. H. on Jan. 23, 1D5S, 
because of dysphagia, epigastric pain, vomiting, frequent eructations, and a 40-pound 
weight loss of 3 to 4 months* duration. X-ray films from another hospital taken on Oct. 1, 
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Case 6.—A. M., a C8-year-old white man, was admitted to E. P. M. I. on July 26, 1955, 
because of dysphagia, low substernal pains, and food sticking in the lower chest for ap¬ 
proximately 2 months. X-ray studies on July 26 revealed a filling defect within a hiatus 
hernia. Esophagoscopy at that time showed edematous hyperemic gastric mucosa with 
superficial ulcerations, 36 cm. from the upper incisors. No tumor was seen. Esophagoscopy 
was repeated on Sept. 23, 1955, again revealing edematous gastric mucosa at tlie 35 cm. level 
with a distinct change from esophageal to gastric mucosa. No tumor was seen. Roentgeno¬ 
grams made on Dec. 20, 1955, showed a lesion within the herniated portion of the stomach 
extending, to the lower esophagus. Esophagoscopj’- at this time revealed induration at the 
38 cm. level without a definite tumor mass. The biopsy report was for mucous membrane. 



Pig. 1.—Case 5. Two x-ray views of hiatus hernia from patient with adenocarcinoma 
of cardia. Malignancy not suspected radiographically. Note filling defects in hernia due to 
tumor (see text). 

X-ray studies on Jan. 5, 1956, again showed a polypoid filling defect now involving the lower 
esophagus and extending to the gastric fundus. The hiatus hernia was not noted at this time. 
At surgery, a nonresectable tumor was foimd invading the cardia and extending to the 
esophagus. The histologic diagnosis ivas carcinoma of the stomach. The operative report 
made no note of a hiatus hernia. 

Case 7.—S. S., a 60-year-old white man, w'as admitted to E. P. M. I. on Oct. 8, 1954, 
because of abdominal gas pains radiating to the chest for the past 2 months. Roentgeno¬ 
grams on October 29 were described as showing that the proximal stomach herniated 
through the diaphragmatic hiatus with what was interpreted as a paraesophageal hernia. 
Unfortunately, these films were not available for us to review\ The patient was subse¬ 
quently admitted to another hospital in August, 1955, because of anorexia, weight loss, 
and emesis. Exploration revealed generalized carcinomatosis with a tumor involving the 
cardia and lesser curvature of the stomach. The records did not reveal whether a hiatus 
hernia had been noted at the time of surgery. 
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Case 8 —A D, a C 6 jcar old Negro i\oman, was admitted to E P !M I on March 14, 
1955, because of loft upper abdominal and flanl pains radiating to the left subscapular 
region and a 15pound •weight loss during the previous several months A firm mass could 
bo palpated in the upper abdomen X raj studio rt^vealcd a hiatus hernia with multiple 
filling defects in the cardia and mid stomach Esophagoscopj was not done At surgerj, 
a carcinoma involving the cardia and most of the stomach was found The pathologic 
diagnosis v^ns carcinoma of the stomach ILt operative report made no mention of a 
hiatus hernia 



Fig 2—Case 10 Roentgenogram of hiatus hernia with gastric carcinoma Involving iiorni 
ated cardia Carcinoma not suspected initially but coarse irregular mucosal folds noted 
b5 anotlier radiologist aroused suspicion of cancer in the hiatus hernia (sec text) 


Case 9—L M, a OGjearoId white man, was admitted to E P M I on March 9, 
1956, because of epigastric distress, gas pains, and belching for the previous 3 months 
On Jan 8 , 1956, he had been admitted to another hospital because of upper abdominal 
pains of 2 weeks' duration Gastrointestinal x ray studies showed a hiatus hernia and 
a pressure defect in the second portion of the duodenum, diagnosed as subacute pancreatitis 
The patient died at E P M I without surgery, and autopsy disclosed a carcinoma involv 
ing the cardia and lesser curvature of the stomach A cyst of the pancreas was responsible 
for the duodenal distortion noted in the xray studies The pathologist made no mention 
of the hiatus hernia in his autopsy report 

Case 10 —C S , a 49 3 ear old white man, was admitted to B G H on Jan 23, 1958, 
because of dysphagia, epigastric pain, vomiting, frequent eructations, and a 40 pound 
weight loss of 3 to 4 months' duration X ray films from another hospital taken on Oct 1, 
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1957, were interpreted as showing a hiatus hernia. On admission to B. G. H., new x-ray 
films were obtained and the previous films reviewed. Because of the coarse, irregular 
mucosal folds in the hiatus hernia, the possibilit}- of an associated carcinoma was raised 
(Fig. 2). Esophagoscopy on Jan. 29, 195S, revealed a papillary, easily bleeding lesion at 
a level 40 cm. from the upper incisors. Tlie biopsy showed a mucous secreting carcinoma. 
At surgery, on Feb. 5, 1958, a tumor Avas found involving the cardia and proximal lesser 
curvature of the stomach. This filled the diaphragmatic hiatus and extended to the distal 
esophagus. The lesion was Aviddy resected. EA'en though roentgenograms had shown a 
hiatus hernia to be present, this could huA-e been easily overloohed at surgery because of 
the tumor. 



Pip. 3 .—Case 11. Roentgenogram of adenocarcinoma of cHstal esopliagus 
hernia. An ulcer had been seen in the distal esophagus 19 years before at e-sophagoscopj (see 
text). 


II. Esophageal Malignancies With Associated Iliatus Hernias .— 

Case 11._H. D., a 70-year-oId white woman, was admitted to B. G. H. on June 22, 

1952 because of dysphagia, epigastric pains, and belching. She had had similar complaints 
intermittently for 19 years. Esophagoscopy and biopsy in 1933 showed an ulcer in the 
lower esophagus. Roentgenograms taken prior to admission showed an obstructing lesion 
in the distal esophagus with a hiatus hernia (Fig. 3). Esophagoscopy on June 24 icvealed 
a papillary, easily bleeding tumor almost completely filling the esophageal lumen at the 
25 cm. level. Biopsy showed papillary adenocarcinoma. The patient was then taken to 
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surgcrj Avhero a carcinoma in\olving^ the distal b cm of the esophagus was found and re 
soctcd Iho pathologic diagnosis was mucous seorttnig adenocarcinoma The hiatus hernia 
uas not mentioned m fho opcrati%o report This Iision uas rlcfinifcl} m the distal esopha 
gtis and proximal to the esophagogastric jiinctior 

C\SE 12—T AV, a SCjearold uhite man « i admitted to B Gr H on Tcb 10, 1954, 
because of djsphagia and a 12 pound weight los^^ o\tr i period of 5 months X ray studies 
on Februarj 11 shoued a smooth, conical narrow ng of the esophagus near the aortic arch 
le\el A hiatus hernia was noted extending 2 in lies abo^e the diaphragm Tsophagoscop^ 
on February 19 ghoned a concentric narrowing of the e-^ophagus with intact mucosa This 
area lias biopsied, howo\er, and squamous cell carcinoma was seen on histologic examina 
tion No further operative procedures weie performed Tins uas classified as a carcinoma 
of the middle third of the intrathoracic esophagus 

C\SE 13—M S, a 77 jearold uhite woman, was idinitted to K P AI I on Dec 23, 
1954, because of djsphagia of 4 months^ duration and a 10 pound ueight lo«s A diagnosis 
of pernicious anemia had been made in 1944 X ra^ studies on December 31 showed a 
constriction of the distal esophagus and a hiatus hernia Esophagoscopj on the same daj 
rc\enled a friable mass at the 2G cm lc\el Biopsj showed normal esophageal mucosa 
Repeat esophagoscopj ami biopsj on Jan 5, 195j rcicaled epidermoid carcinoma at the 
same Ic^ol Surgerj uas not done because of the p itiont’s poor general condition 

Casf 14—K P, a 59 jcarold uhito man, uas admitted to B G H on No^ 2, IDoo, 
because of heartburn, dysphagia, and siib«ternal pain for the past month This was as 
sociatcd uith a 15 pound ueight loss Roentgenograms repealed a superior mediastinal 
mass posterior and to the right of the trachci Esoplmgogram showed a perforation in tlio 
upper intrathoracic esophagus at this area A hiatus hernia u is also present Esophagos 
copj disclosed a tumor uifh a sccoiidaij tiachcoosophagcal fistula uhich on hiopsj proved 
to be a squamous cell carcinoma of the esophagus The abscess uas drained through the 
neck and no further surgical procedure u as performed 

CASf 15 — V D, a 58 year old uhite roan, was admitted to B G H on Julj 0, 195G, 
because of progressuo dysphagia for 6 months Esophagogiams on Julj 11 showed an 
annular lesion in the proximal third of the intrathoracic esophagus and a small hiatus 
Iiernia Esophagoscopj ro\eaIe(I an esophageal tumor 20 cm from the incisors Biopsj 
shoued this to be a squamous cell carcinoma No further surgery uas performed 

C^SE IG—A A, a 55jearold white man, uas admitted to B G H on Dec 11, 1955, 
because of dysphagia, exccssne eructation after meals, and a 15 pound weight loss of 3 
months' duration X rar studies on December 11 repealed a hiatus hernia uitli a short 
esophagus Esophagoscopj on Dccemlicr Jl shoued a normal appearing, shortened esopha 
gus that entered the stomach at a le\ cl interpreted to be abo\ e the diaphragm The patient 
uas re admitted on Dec 19, 195G, because of a left lower mediastinal mass seen on x ray 
films He was taken to surgery on Dec 20, 195G, and a laige, nonresectable tumor was 
encountered invohing the terminal esophagus Liver metastases were present A biopsj 
uas interpreted as leiorajosarcoma Repeit barium \rijs on Alaj 7, 1957, shoued the tumor 
but tlio hiatus hernia uas no longer demonstrable 

III Status Sernta Tfith, hut Preceding, Gastioesophageal Malignancy — 

Case 17—AT AI, a 69 jear old white woman, uas admitted to B G H on May 29, 
1952, because of a feeling of diffuse pressure and fullness in the upper abdomen for the 
previous several mouths Y raj studies on 3fay 30 revealed a hiatus hernia She uas 
again admitted to the hospital on Peb 25, 1957, because of severe left lower quadrant 
abdominal pains of 2 dajs’ duration Radiographic studies on Februnrj 27 sliowed fixation 
of the lesser curvature of the stomach from the esophagus to the antrum The hiatus 
herma previouslv seen uas not noted at this time surgerj, on March 16, 1957, the 
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Stomach was found to be involved with tumor extending from the esophagus to the pylorus. 
One of the numeious peritoneal implants was biopsied and showed metastatic carcinoma. 
There was no mention of a hiatus hernia in the operative lepoit. 

Case IS.—R. J., a 6S-year old Negro man, was admitted to B. G. H. on April 15, 1953, 
because of left upper quadrant pain persisting for 3 weeks following head and left lower 
chest trauma. Roentgenograms on April 18 showed a hiatus hernia (Fig. 4, A). The 
patient Mms kept under observation and discharged improved. On Jan. 16, 1957, he was 
re-admitted because of persistent crarnpy epigastric pain that was not relived by food, 
milk, or antacids. He had lost 30 pounds during the preceding 3 months. A palpable 



A. B . 

Fig. 4.—Case 18 Adenocarcinoma of stomach obliterating previously demonstrable liiatus 
hernia- A, Roentgenogram (April 18, 1953) showing only hiatus hernia. B, Roentgenogram 
(Jan. 17, 1957), hiatus hernia no longer demonstrable due to tumor (see text). 

mass was noted in the mid-epigastrium. X-ray studies showed fixation of the lesser curva¬ 
ture of the stomach with an associated ulcer. The hiatus hernia seen previously was not 
noted at this time (Fig. 4, R). At surgery, on Jan. 22, 1957, an adenocarcinoma involving the 
cardia and proximal two tliirds of the stomach was found. It had extended to involve the 
distal esophagus. The surgeon did not mention a hiatus heinia in his operative report. 

Case 19.—^F. J., a 70-year-old white man, was admitted to R. P. M. I. on May 20, 1957, 
because of progressive dysphagia for 3 months. He was known to have had a hiatus hernia 
for many years. Roentgenograms before admission on May 7, 1957, revealed a hiatus 
hernia with a tumor thought to be in the lower esophagus. Repeat x-ray studies at 
R. P. M. I. showed a filling defect in the gastric cardia with a hiatus hernia. Esophagos- 
copy on June 14, 1957, revealed a granular, friable, ulcerating tumor. Biopsy, houever, 
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showed mucous membrane o£ the esophagus. At surgery, on July 15, 1957, the dia¬ 
phragmatic hernia was noted to be patulous mid of a size that would easily admit four 
fingers. The tumor was palpated in the cardia extending through the hiatus. Biopsy 
of a metastatic liver nodule re\oalcd adenocarcinoma At autopsy, 6 months later, the 
findings of gastric carcinoma v,ith metastases were confiTmed. The hiatus hernia was not 
mentioned in the postmortem protocol. 

Case 20.—P. IV., a Gl*year old white man, was admitted to E. P. H. I. on July 7, 1947, 
because of occasional dysphagia, excessive gas, and a feeling of pressure in his stomach 
for tho preceding 2 years. A lump had been present m. the left side of his neck for 6 
months. An x ray diagnosis of hiatus henna ha 1 been made in 1943. X ray studies on 
July 9 showed a neoplasm in the lower csophagu-x but the hiatus hernia was not demon¬ 
strated. Esopliagoscopy on July 15 showed an annular carcinoma in the distal one third 



Fjg. 5 _Case 23 Roentgenogram of obstructing epidermoid carcinoma of distal esophagus 

Hiatus hernia with patulous hiatus found at surgery, aJthougli liernia not demonstrable by 
x-ray study (“iee text) 

of the esophagus The biopsj apparently missed the tumor and show'ed thickened squamous 
epithelium. The neck rDas-^ was then biopsied and showed metastatic carcinoma most 
certainly from the esophagus No further Burgeiy -was performed. 

CiSE 21.—E. K, a 55 5 ear old white man, was admitted to aaotiter hospital in Septomhor, 
1956 because' of dysphagia, substernal pain, and vomiting for the previous montli. Tlio 
patient had complained of heartburn for many years, with symptoms suggesting gastro 
esophageal reflux. X ray studies revealed a large hiatus hernia with some narrowing and 
irregularity of the distal esophagus. At surgery, the hiatus Iiernia was noted and a tumor 
was palpated in the distal esophagus proximal to the gastroesophageal junction. Tlio 
tumor was resected and found to be an adenocarcinoma. He was then referrcil^o 
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E. P. M. I. for further management. X-ra}' proof of the earlier existence of a hiatus hernia 
is lacking, but the long historj' typical of gastroesophageal reflux suggests that a hernia 
with reflux had been present. 

Case 22.—P. D., a 67-year-old white man, was admitted to E. P. M. I. on Oct. 14, 
1957, because of pjwosis, heartburn, intermittent dyssphagia, substernal pain, and occasional 
regurgitation for 35 years. Four days prior to admission he had been unable to swallow 
anything. X-raj' studies in 1950 were interpreted as showing esophagitis and esophageal 
ulcer. These impressions were confimed by e.sophagoscopj* and biopsy at that time. There 
was no note of hiatus hernia and the roentgenograms were not available for our review. 
X-ray studies on Oct. 23, 1957, rc'V’ealed an obstructing lesion in the distal esophagus 
(Fig. 5). No hiatus hernia or gastroesophageal reflux was noted. Esophagoscopy revealed 
an ulcerating tumor, 3S cm. from the upper incisors, which was biopsied and shown to be 
a squamous-cell carcinoma. At surgerj', a hiatus hernia was found with a patulous dia¬ 
phragmatic hiatus that easilj' admitted three fingers. A 5 cm. tumor was found in the 
distal esophagus and resected. The pathologic diagnosis was squamous-cell carcinoma. 
Although earlier roentgenograms were lacking, the hiatus hernia with reflux esophagitis 
had probably been present for man}' years. 

COAIAIENTS 

Two other cases of hiatus hernia associated with gastric carcinoma were 
found in reviewing our records. They were not included here because of ques¬ 
tionable histologic verification of the malignancy. Another patient with a 
symptomatic hiatus hernia of 2 years’ duration was found to have an asso¬ 
ciated intramural fibromyoma of the distal esophagus which ivas removed at 
the time of hernia repair. One other patient had progressive intermittent 
dysphagia and had a papilloma of the distal esophagus which was proximal to 
a hiatus hernia and stricture. This was resected at thoracotomy and no eid- 
dence of malignancy was found. 

Of the 22 eases outlined above, one (Case 10) has not been included with 
the 11-year statistical review because the patient was admitted to the hospital 
and taken to surgery 2 months after the end of the review period, although 
he had been seen earlier. All 12 gastric carcinomas with associated hiatus 
hernias involved the cardia and over one half of them were limited to the 
proximal stomach or cardia. Tavo patients shoAved evidence of edema and 
congestion at esophagoscopy A’^erified by biopsy, one in the cardia and the 
other presumably in the esophagus (Cases 3, 6). 

Of the nine esophageal malignancies associated Avith hernias, one Avas a 
leiomyosarcoma and eight Avere carcinomas. Tavo Avere adenocarcinomas of 
the distal esophagus (Cases 11, 21). Unfortunatelj’-, there Avas no Avay of 
checking back to see if these represented examples of carcinoma developing 
in the loAver esophagus lined by columnar epithelium. At least 3 patients had 
histories of chronic illness suggesting heniias and gastroesophageal reflux (Cases 
11, 21, 22). Four Avere definitely shoAAui to have had hiatus hernias prior to the 
malignancy (Cases 17, 18, 19, 20). In only 3 patients (Cases 1, 19, 22) AA'as a 
patulous hiatus or hiatus hernia noted b}’- the surgeon. In Case 1, the surgeon 
thought this represented a congenitallj’- .short esophagus. The other 2 patients 
(Cases 19, 22) were noted by us at surgery in 1957 AA'^hen our attention had 
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become focused ou the association of tiimoi and heuin and ^^e specially looked 
foi the lioiiiia The few autopsj icpoits made no mention of a heinia asso 
cinled with the malignancj 

DISCUSSION 

The association of hiatus henna and gastioesophageal malignancj maj he 
moio common than has been thought t utam leasons as to why this assooia 
tioii appeals to be uncommon become ajipaicnt ittei lenewing oui mateiial 
Hiatus heinia itself can be eonsidciod a modem disease because it has only 
lecentlj' lecencd much attention Bcfoie the use of methods foi inci easing 
the intia abdominal picssme and placing th( patient in aanous positions 
manj hiatus hoiiiias weie missed wnth upii^ht baiium e\aminations of the 
esophagus and stomach Lien with picsent daj techniques, hiatus hernia may 
not be seen unless the ladiologist takes time and is especiallj interested in the 
subject, or unless he has Iieen aleitcd to the possible piesence of a hiatus 
hernia by the leferiiiig physician Despite special effoits by the radiologist, a 
hiatus heinia may not always be dcmonstiable at a single examination If 
extia time and cffoit aie used, howcici, a oonsidciable number of hiatus 
houiias niav bo found iii the ladiologist’s practice, especially in oldci individ 
uals The absenoe of ladiologic landmaiks to show the exact site of the 
squamous oolumnai mucosal lunction and the hiatus mat gins and the func 
tional \aiiations in sire and shaiie of the distal esophagus are but a foiv of the 
factois that make absolute ladiologic intcipietations in the gastroesophageal 
area and the diagnosis of hntus hernia difficult 

The piesence of an obstiucting neoplasm in the esophagus may dneit the 
radiologist’s attention away fiom fmthci attempts to demonstrate a hiatus 
hemia (see Fig 5) Also, if the lesion obstructs the esophageal lumen so as 
to proient sufficient passage of barium distallj it may not be possible to 
demonstrate adequately a hiatus heinia AYlien the tiinioi ini oh es the cardia, 
a hiatus heinia may no longei be apparent (sec Fig 4) In 4 cases fiom oui 
senes a hiatus henna had been preyiously shown to have been present, but it 
yvas no longei demonstrable ladiogiaphicalli because of the intraluminal space 
occupying effect of the neyv neoplasm 

Surgeons, too, may haie then attention dnerted aivaj fiom a hiatus 
heinia hr the piesence of a tuiiioi nnohing the cardia and distal esophagus 
This was very appaient in oui cases of tumor with henna, foi the hiatus 
hernia yvas noted at surgeiy only yvhen its piesence became a matter foi 
special attention AAhtli laigei tumois inyohing the caidioesophageal aiea 
howeyei, it may be impossible to leeognire a hiatus heinia at suigeiy although 
it may haye been demonstiatcd ladiogiaphieally at an eailier date 

The pathologist is seldom in a position to appiceiatc an aiitemoitem hiatus 
herniation that has become reduced below the diaphragm at postmoitcm 
examination In addition, the steps usually followed in routine autopsy orgm 
remoyal practically lann any opportunity for detecting a sliding hiatus Innm 
unless the pathologist fiist delibciatelv exposes and dissects this aiea I« 
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past, when the cardia became fixed above the diaphragm as a result of second¬ 
ary fibrous esophageal shortening or adhesions, the condition was usually con¬ 
sidered that of a congenitally short esophagus. It becomes evident, therefore, 
that hiatus hernias associated "with gastroesophageal malignancies may have 
been overlooked by radiologists, surgeons, and pathologists. 

In considering the association of hernia and tumor, several interesting 
observations come to mind. Certainly hiatus hernia is more common than 
pre^dously suspected, especially when one IooIjs for it. This is particularly 
true in the older age group, the age when cancer is also more common. Never¬ 
theless, only a small number of kno^vn hiatus hernias appear to have associated 
gastroesophageal malignancies (2.5 per cent of our patients, 21 of 814 cases of 
hernia). It must be remembered, howevei', that many hiatus hernias are 
asjTuptomatic and may be only incidental findings in upper gastrointestinal 
x-ray studies. Other hernias producing sjmiptoms are readily controlled by 
medical or surgical treatment. This leaves only a small number of hernias 
that produce continued irritations to the cardioesophageal area. Perhaps it is 
mainly this small number of indi\aduals exposed to the continuous etfects of 
irritation who maj^ eventually develop a neoplasm. Several patients from our 
group of malignancies with hernias had histories of chronic heartburn, eruc¬ 
tation, pyrosis, and dysphagia; common symptoms of gastroesophageal reflux 
associated with hiatus hernia. The records of others lacked this significant 
information, but it may have been present had it been looked for at the time. 

At this time one might ask, how may a hiatus hernia predispose to gastro¬ 
esophageal malignancy. An absolute answer cannot be supplied, but several 
considerations deserve comment. The e.sophagus, especially its distal pai’t, is 
directly exposed to the irritating effects of refluxing gastric secretions due to 
gastroesophageal incompetence not uncommonly associated vdth hiatus hernia. 
It is well known that the resulting esophagitis and ulcerations may continue 
mth repeated remissions and exacerbations. Bleeding and scarring are well- 
recognized complications of reflux esophagitis but not malignancy. Stasis 
and stagnation in the distal esophagus may also be associated with hiatiis 
hernia as a result of spasm, edema, and stricture. A type of esophagitis may 
occur in the esophagus proximal to the stenosis with areas of mucosal destruc¬ 
tion, epithelial hyperplasia, and leukoplakia. Lesions such as leukoplakia 
and epitheliomas may have a malignant potential but, curiously enough, inter¬ 
est in these intriguing relationships in the esophagus has waned during the 
past two decades despite the increased use of esophagoscopy and thoracic sur¬ 
gical procedures. The products of stagnant foods that decompose aboA’^e an 
esophageal stricture associated Aidth hiatus hernia may act as irritants and 
possibly as carcinogens. In our group of 73 patients Avith malignancy of the 
distal one third of the intrathoracie esophagus, 6 (8.2 per cent) had an asso¬ 
ciated hiatus hernia. An increased incidence of esophageal malignancy, com¬ 
pared to that of the general population, has also been noted AAdth other chronic 
stenotic esophageal lesions, such as achalasia (cardiospasm) and lye strictures. 
This is an area that deserves furtlier study. 
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A satisfactorj explanation foi a cause and effect lelationship between 
hiatus lieinia and gastiic mahgnano is laciviiig Ceeause the pioximal stoni 
ach 01 caidia is puiiiaiil^ imohcd as the stomach slides up thiough the 
hiatus, it might be supposed that malignant changes uoiild be moie common 
hoie Of our 12 cases of gastuc caicmoina with associated hiatus henna, 
eight tumors iiuohed the caidia primaiil 3 (Table 11) This is of interest but 
the numbeis aie probablj too small to caiij statistical significance It might 
be speculated, hoiveier, that the diaphragmatic hiatus niaj' e\eit a constrict 
ing effect on the heiniated stomach that uould be fnithei exaggoiated hi 
gaseous distention of the caidia and stomach ,ibo\e the hiatus AVhethei this 
could cause congestion oi piedispose to infiammation oi uleeiatioii remains 
eonjeetiiial In one patient uith adenocaicmonia of the caidia and hiatus 
hoinia (Case 6), edema, congestion, and ulcentions ucte seen m the caidia at 
csophagoseopj’ Gastric iilecis aie knomi to occui in the herniated stomach 
but this raises the often disputed question as to uhethci a gastuc iileei nnj 
bo a pi emalignant condition 

Of the gastioesophageal malignancies uith associated hiatus heinias, 
ndcnoeaioinonia picdoiiiinates oici squamous oi cpideinioid carcinomas 
(Tables I, 11) On the basis of past concepts that most adenocaicinomas aiise 
fiom the stomach lathei than the esophagus, it could bo assumed that the 
stomach must ha\e been the site of oiigiii for most of these malignancies On 
gioss inspection it is often difficult to dcteimiiie foi ceitam the oiigin of 
malignancies imolving the caidioesophageal junction although, in gencial, a 
gastuc caiciiioiiia moic coniiiioiil} extends into the esophagus than does an 
esophageal eaieinotna extend a significant distance distally into the stomach 
Neseitheloss, adenocaicinomas liaie been hnoun to occur in the esophagus, 
but these base been thought to oiigiiiate from esophageal glands oi islands 
of ectopic hotel otopie gastuc and coluninai mucosa More leeently, houeici, 
attention has been diiected to the subject of peisisting columnai mucosa 
mthin the esophagus that maj extend upuaid for sariable distances in eon 
tinuitj' fioin the junction of gullet and stomach' ' The peisistent em 
brjonie type of columnai esophageal mucosa max be moie common than had 
been pieiiously suspected, and it may lespond diffeientlj to the irritating 
factois associated iiith gastroesophageal leflux and stasis A tumor aiising 
flora this tj'pe of mucosa xioiild piobabh be an adenocaicmoma lathei than 
the tiaditional epidermoid tumor of squamous mucosal oiigin An acid pepsin 
iilcei in this columnar epithelium would appaiently behaxe moie like a peptic 
ulcei in the gastric mucosa rather than the multiple shallow, oozing ulcers 
eneoiinteied in reflux esophagitis of the squamous mucosa As in the stomach, 
however, only a small number of columnar mucosal ulcers should have any 
malignant potential 

A final passing thought in considering adenocaicinomas having oiigin in 
the esophagus is the suggestion that leflux esophagitis and ulcei ation imoh 
mg squamous mucosa may heal bj a gastuc or columnar type epithelium in 
the presence of an acid medium, as suggested bj Allison and Jolmstone' In 
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our present state of knowledge, liowcA’-er, tliis would seem to be of little prac¬ 
tical consideration for, as Petei'S^® has pointed out, there is good histologic 
evidence that squamous regeneration occurs from residual islets in the distal 
esophagus. 

Another idea to ex])lain the association of hiatus hernia with gastro¬ 
esophageal malignancy is that the malignancy is responsible for the hernia.^’ 
This concept is based on the theory that a hiatus hernia may be caused by 
muscular shortening of the esophagus in response to certain stimuli apparently 
mediated through the vagus nerves. It has been suggested that perhaps the 
gastroesophageal malignancy serves as an irritating focus, stimulating the 
esophagus to shorten, and, in this way, the cardia is pulled xip through the 
hiatus to produce the hernia. The tumor itself may enlarge the hiatus and 
predispose to hiatal herniation. Although these possibilities merit considera¬ 
tion, they certainly would not be the explanation in situations where the 
hiatus hernia had been shown to exist prior to the occurrence of the malig¬ 
nancy (Cases 17, 18, 19, 20). 

One other aspect of interest noted in our series of gastroesophageal malig¬ 
nancies with hiatus hernias was the predominance of males. Of the 309 males 
with hiatus hernias, 16 (5.14 per cent) had gastroesophageal malignancies 
whereas only 5 (0.99 per cent) of the 505 females with hiatus hernias had 
malignancies. The significance of this is uncertain since carcinoma of the 
stomach and esophagus predominate in the male and hiatus hernia is appar¬ 
ently more common in the female. 

In essence, then, we cannot sxxpply a dogmatic answer to the question as 
to whether the association of gastroesophageal malignancy and hiatus hernia 
is one of coincidence or one of a cause and effect relationship. Some reasons 
as to why hiatus hernias were not diagnosed in the past and why they may 
have been missed more recently are mentioned. Certaui interesting relation¬ 
ships exist between hiatus hernia and gastroesophageal malignancy that should 
stimulate further interest in the association of these relatively common con¬ 
ditions. Perhaps, with further attention directed to the subject, more exact 
information as to the incidence of this association and its true significance 
may be obtained that cannot be gathered from a reviexv of cases in retrospect. 

SUMMARY 

Although absolute conclusions cannot be reached as to whether the asso¬ 
ciation of hiatus hernia and gastroesophageal malignancy is one of chance or 
one of a cause and effect relationship, it would appear that this association 
may be more common than has been previously suspected. Special attention 
is directed to malignancies of the distal esophagus and gastric cardia and 
their relationship to hiatus hernia. Vai'ious factors that may have a bearing 
on this association are discussed. Included in the analysis is an 11-year review 
of all hiatus hernias and primary malignancies of the stomach and esophagus 
from two institutions. 
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MIXED PARAGANGLIONIC AND FIBROMYXOMATOUS 
TUMORS IN THE THORACIC CAVITY 


Report of a Case With Bilateral Occurrence of the Tumor at 
Five Years’ Interval 

Olavi Periisalo, Kai Dammert, and Kart Sirola, Helsinki, Finland 

I N the literature, there is a small group of mediastinal tumors which are con¬ 
sidered to originate in epithelial-like cells, or groups of cells differentiating 
in association with the ganglia of the vegetative nervous system. Miller^® 
described, in 1924, the first neoplasm of this kind, using the term paragangli¬ 
oma, since this tissue was called, at the time, paraganglionic tissue. It was 
originally the opinion of Kohn*®- that it forms a uniform system of special 
structures (“ganghenartige Kdrperchen”) in connection with the sympathetic 
chain and is characterized by the chromaffin reaction and the secretion of epi¬ 
nephrine. The principal representative of this sj'stem was the medulla of the 
adrenal gland, and the carotid body, or glomus caroticum, was another impor¬ 
tant factor. Since 1950, 5 other eases have been reported in which the 
tumor was considered to arise from the so-called aortic body and histologically 
to resemble the carotid body. Since inclusion of the latter in the paraganglionic 
system is increasingly questionable, authors have sought to avoid using the 
term paraganglioma. Thus, the 2 eases published by Lattes^® were reported as 
nonchromaffin paragangliomas, and other writers have used the term ehemo- 
dectoma.®' A few tumors of the aortic body had been previously described 
in dogs.^' In one of Lattes’s eases, an aortic bodj’’ tumor was coexistent with 
a tumor arising from both the carotid body and the ganglion nodosum of the 
vagus nerve. This was evidence substantiating the opinion already existing 
concerning the multiplicity of carotid body-like tumors.^- Typical of these 
earlier described mediastinal tumors was also a .slow, symptom-free groAvth, 
owing to which they usually were an incidental finding. We are able to 
describe below a new example of these tumors. This case, which at first was 
considered to be a case of malignant hemangioma,*® brings to light not only 
their slow, expanshm growth and the tendency to the occurrence of other 
similar independent tumors (in the manner of carotid body-like tumoi-s), but 
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also their ability to attain a great size owing to the associated fihroinyxoniatous 
component, to i)roduce clinical symptoms, and to exhibit features characteristic 
of local malignancy. Certain features in tlie histology and habits of these 
tumors, furthermore, seem to suggest that the relationship between these carotid 
body-like tumors and the paraganglionic tumors in the stricter sense is a verj' 
close one. 

CASE anroRT 

TJie patient was a ^\onuin, single, born m 190U. Ilei father had died of cancer of the 
lung. At the age of 28, she liad contracted pulmonary tuberculosis. At tliis time, a cavity 
nns seen in the riglit upper lobe and i)ncuniotliorax was maintained on the right side for 5 
years. X-ray c^a^unat^ons in 194S, when she was 40, showed that the process was quiescent. 
In early lOol, the uterus and adnexa were removed because of myomas. Since she had 
cougli and fever at this time, an x-ni}* cxaniumtion was made and a tumor was seen in 
the left lung. Tlic patient, wlio then was 49 jears of age, was now’ admitted to the Clinic 
for Thoracic Surgor^’. 



Flpf. 1.—Roentffenoffram. 1951, The tumor is visualized in the left lower part of the thoracic 

cavity. 


Physical examination showed a good general condition, a plum sized nodule in the 
right lobe of the thyroid gland, and a blood pressure reading of 180/110 ram. Hg. Tiie 
sedimentation rate ivas 68 mm. per hour. Roentgenologically, there W'erc signs of old 
tuberculosis in the right lung and, in the lower left hemithorax, a fist-sized shadow w’ith 
distinct margins, partly adjoining the heart shadow’ and evidently in connection with tlie 
thoracic wall (Fig. 1). 

On April 4, 1951, left thoracotomy was performed (Perasalo). Situated between the 
lobes and adherent to them there was a fist-sized, dark, sharply circumscribed tumor, 
W’hich wa‘> adherent to the anterior mediastinum and supplied by moderately large blood 
vessels. Extirpation of the tumor was quite readily made. Recovery was uneventful. 
The pathoanatomic diagnosis made at the time was malignant hemangioma. 

Pathology of the Tumor llcmoved tn 1951 .— 

il/ncroscopic.- Tlio fist-sized, dark, roundish tumor, from wJiicli a mucoid fluid exuded 
when cut, was enclosed in a connective tissue capsule. 
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^ Microscofic (Daijimert): The tumor tissue was composed of two different components, 
wliieli were separated everywhere by septa of fiJjrous connective tissue. One of tlie compo¬ 
nents was formed by cpitlieloid cells wlucli, by mcan.s of delicate, highly vascular connective 
tissue network, formed round nests or strands (Pigs. 2, a and !>). The other component was 
loose, well-differentiated connective tissue with fusiform and stellate cells and a matrix with 
fine fibers (Fig. 2, c). The intervening septa appeared to be in firm contact with the epi- 
tholoid portion of the tumor mass (Fig. 2, d). Eather large, thick-walled blood vessels and 
small strands of epithcloid celled tumor tissue was sometimes present in the septa (Fig. 2, a). 
The cells in the nests and cords in the actual epitheloid portion were slightlj’’ variable in 
size. They ivere round or polyhedral, .and occasionnllj' cylindrical, and ivcro closely as.sociated 
with the thin-walled blood vessels of the stroma. The cell nuclei were rather large and 
vesicular and had a well-developed nucloolu.s. The C 3 'toplasm of the colls was finely granular 
and frequently largo and pale with indefinite margins (Fig. 2, c). The granulo.s* and cyto¬ 
plasm did not show the specific staining bj- Goniori’s mefhodr or by the periodic aeid-Schiff 
(PAS) method after acetylation which is specific for the chromaffin cell;;. Occasionally the 
cell nuclei were lobular or divided into two or three parts. Here and there in this organoid 
tissue were small accumulations of cells which resembled lyinphocj'tcs and were presumed to 
be sj'mpathicogonias (Fig. 2, /). A few epithcloid cells in different slices were undergoing 
mitotic division. 

The portion of the tumor consisting of fibrous connective tis.sue was also richl}’ 
vascularized. The fibroblastic cells were mostly accumulated around the capillaries or 
into groups, in association with which there stood out in the intercellular tissue a larger 
number of collagen fibrils and more of weaklv PAS-positivc ground substance than else¬ 
where (Fig. 2, e). 

Later Admissions .— 

After the operation, the patient was in good health until, in 1956, there was an onset 
of lassitude and feeling of pressure in the neck and .shoulder on the right. Dyspnea and 
palpitation occurred on exertion, with exacerbation of the s.vmptoms she was admitted in 
Maj', 1956, to the Clinic for Thoracic .Surgerj". On admission, the blood pressure was 
200/100 mm. Hg. The onlj- roentgenologic finding was elevation and restricted motion of 
the right half of the diaphragm. Since the symptoms seemed to point to hj’perfunction 
of the thjwoid gland, an operation was performed. An “adenoma” only was found in the 
thj^roid and was removed. The dj'spnea became progressivelj' severe, and the patient lost 
•weight and complained of occasional pain in the right costal margin. Roentgenologic 
reports continued to point out relaxation of the right hemidiaphragm (Fig. 3). During 
hospitalization for observation, the possibilitj' was suggested of a tumor on the right side, 
most likely below the diaphragm. Broncho.scopj' disclosed flattening of the right lower 
bronchus. 

She was again admitted to the Clinic in September, 1956. The blood pressure now 
was 170/90 mm. Hg. There was an area of absolute flatness on percussion over the 
anterior right hemithorax extending from the liver to the level of the third rib. The liver 


Pig. 2.—The tumor excised 1951. 

a, The epitheloid part of the tumor. Note the typical organoid arrangement of the pale 
epitheloid cells and the slender, richly vascularized stroma. The joining fibrous connective 
tissue is a strong septum separating the epitheloid and the flbromyxomatous part of the tumor. 
In the neighborhood of the big blood ve.ssels, note strands of epitheloid type of tumor tissue 
(van Gieson, XSIO.) 

b, The arrangement of stroma in relation to nests and cords of epitheloid cells. (Wilder 
stain, X340.) 

c, The flbromyxomatous part of the tumor tissue. The cells are collected around cap¬ 
illary vessels. The development of fine collageiiic fibrils in the abundant intercellular sub¬ 
stance. (van Gieson, X^iO.) 

d, Relation between the epitheloid part and the flbromyxomatous type of growth. Note 
the close association of the epitheloid tissue to the fibrous connective tissue septum, (van 
Gieson, X41.) 

e, Cellular details in the epitheloid tissue. The elongated or polyhedral cells show one to 
three nuclei with distinct nucleoli and a granular cytoplasm. The intimate connection be¬ 
tween the cells and vascular stroma is well demonstrated, (van Gieson, xl,268.) 

/, Collections of sympathicogonia-lihe cells in the epitheloid tissue, (van Gieson, Xl.268.) 
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Fig" 2, « tliroiigli /—For lepends sec oj)posite page. 
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could be palpated anteriorlj*, two fingerbreadtlis below the costal margin. The breath 
sound was absent on the right, in the area of flatness. Erythrocyte sedimentation rate 
(ESE) was 55 mm. per hour. A right thoracotomy was performed (Perasalo) on Sept. 12, 
1956, 5^^ years after the previous intrathoracic operation. A capsulated, soft, highly 
vascular tumor, the size of a child's head, was found to be firmly adherent to the dia¬ 
phragm. which was perforated by the removal of the tumor. Po.stoperative recoverj* was 
uneventful and she was transferred to radiotherapy. 

She has now been under the regular observation of the Eadiation Clinic for 21 
months, lier health has been fairly good and she has been working as bookkeeper for the 
greater part of this time. The ESE has persisted at a rather high let el (10 to 60 mm. 
per hourl. The roentgenologic condition of the lungs is unchanged; the right half of the 
diaphragm has been flaccid since the operation, the lower field of the right lung shotvs 
fibrosis due to the postoperative irradiation therapy and. at the hilum of the left lung. 



L 

Fig-. 3—Roentgenograms, 1956. Fi\e years after removal of the tumor on the feft a new 
tunior IS seen in the lower part of tlie contralateral side of the thoracic cavity. 



there is the shadow of a suspected metastasis 2 by 3 cm. in size, which has not increased 
during the 1% years after radiotherapy. In December. 1957. a corrosion of the seventh 
thoracic vertebra was found. No further changes in the bone have been observed after 
radiotherapy given because of a suspected metastasis here also. In May, 1D3S. a sub¬ 
cutaneous plaque. S cm. in diameter, was found in the interscapuiar region on the right 
and was treated by radiotherapy. However, it has not been definitely established that 
these findings are metastases. 

Faihology of the Tumor Femoied in 19o6 .— 

macroscopic: The extirpated tumor -was about 15 cm. in diameter and enclosed in a 
stronsr. shinv capsule. The cut surface was rather soft, wliitish or yelloivish gray, with 
faintlr discernible strands and was occasionally mj-xomatous. In the center of the tumor 
ivere brownish yeUow. hemorrhagic or necrotic areas. The immediate snbeapsular tissue was 
wrinkled in a manner simulating tlie surface of the brain. 

microscopic (Dammert) : The typical components of the first growth u ere found also 
in this tumor, but they were not as distinctly differentiated. The greater part of the 
tumor now consisted of the fibromyxomatous component and, also, in the epitheloid por¬ 
tion. the stromal tissue was increased, more abundantly coEagenized, and often hyalinized. 



\’oliime 37 
Numlicr S 


PARAG^VKGLIONIC AND PIBROMYXOMATOUS TUilORS 


575 


The opitlieloid tissue scorned to press itself between the lobules of the fibromyxomatous 
portion of the tumor. The margin between the two tissue types was distinct in the super¬ 
ficial zones of tlio tumor (Fig. 4., a). In the regrcssivcly changed inner portions of the tumor, 
the collagonizod and hyalinized connective tissue was gieatly increased, making the dif¬ 
ferentiation of tile two tissue types difficult in places. In general, the epitlieloid tissue 
was softer and liad smaller colls than that in the first tumor, and its organoid arrange¬ 
ment was not as evident (Fig. 4, h). The cells had lost much of their typical appearance. 
They were variable in size and shape, they had but little cytoplasm and it was poorl}' 
differentiated, and their chromatin-rich nucleus was definitely greater in relation to the 
size of the cell than in the earlier tumor. The cytoplasm uas still finely granular and the 
opitlieloid colls vorc organized similarly in relation to the vascular stroma as in the tumor 



Fiff. 4.—The tumor excised 195C. 

n. Superficial part of the tumor showinp the relation of the two tissue components par¬ 
ticipating In the tumor formation The darker parts are epithelofd, the lighter fibromiTcoma- 
tous. Tlie tissue Is externally covered by a fibrous capsule. (Mallory trichrome stain, xCO.) 

h, The epitlieloid tl.'^sue. The organoid arrangement Is present but the colls are smaller 
and atypic. (van Gleson, XJ^IO ) 


remoted in 1951. Mitotic figures, howe\cr, were scarcely more numerous than in the 
earlier tumor. The tumor tissue was attached without any distinct margin to the dia¬ 
phragmatic tissue, in which nests of neoplastic colls were visible among the muscle fiber 
bundlc.s. In the large fibromyxomatous lobules, the cells were small and spindle shaped 
and tended to become organized into groups or zonc.s, accompanied by a stronger develop¬ 
ment of collagenic fibrils than in the corresjionding tissue of the tumor excised in 1951. 
These formations occasionally simulated schwannomotoua tissue. 


DISCUSSION 

There is no doubt but that the tumor excised in 195G was merely a histo¬ 
logic variant of the one removed in 1951.* The typical organization of 
epitlieloid stnictures and the absence of the staining habit of chromaffin cells 

•The author.<3 wish to express tlieir gratitude to the staff members of the Department of 
Pathology*, Armed Forces Institute of Pathologj*, ■Washington, D C., for the study made In 
the diagnosis. 
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justify their inclusion in the group of carotid body-like tumors, the classifica¬ 
tion of which is still largely a matter of controversy. No standard nomencla¬ 
ture has been accepted for these tumors. The subject has been very fully 
dealt with in the series Atlas of Tumor Pathology by Stout,LeCompte,'^ and 
in the paper by Lattes.'® Most authors appear to be of the opinion that tumors 
arising from chromafbn, hormonallj* active tissue should be termed pheoehromo- 
cytomas, but no unanimity exists concerning those tumors which hormonally 
are inactive and which are con.sidered to originate in nonchromaffin cells. 
Some authors'’ u.se the term chomodectoma. since they consider the 

deciding factor to be the function of the ti.ssue of origin, concerning wliich 
there is some expei’imontal eA’idonee.'’ Other invc.stigators de.signatc the 
tumors merely according to the structure of origin.''* Lattes used the term 
nonchromaffin paraganglioma for tumors of the carotid body and aortic body 
because the cells supposed to be the origin of the.se tumors develoxjed in con¬ 
nection with the ganglia of cranial nerves or they had an equal relationship to 
the parasympathetic nervous system as their relatives had to be sympathetic 
system; the adjective “nonchromaffin” stressed the different stainability, 
which could be evidence of different hislogene.sis and function of the former 
as compared with the latter. Stoixt®® has been accustomed to consider the 
similarities in morphology and embryogene.sis as a basic fact of unity of the 
whole tissue of this type, and the diver.sity of containing chromaffin granules 
or not as only a secondary pro])erty. According to this, he suggested the use 
of the term pheochromoeytoma in case of hoi’monally active tumor, and para¬ 
ganglioma in ease of those hormonally inactive. Thus, his opinion concerning 
paragangliomas was very similar to that originally expressed by Kohn.'®’" 
It has been difficult to determine, in the present case, the relation-ship 
between the tumors and the thoracic nervoxts elements but, in view of its location, 
the tumor excised in 1951 coxxld well have originated in the aortic body. The 
txxmor removed in 1956, on the other hand, could jxist as well have arisen from 
the “paraganglionie” strxxetxxre of the sympathetic as of the parasym])athetic 
nei’voxxs system. The classification of at least the latter txxmor according to 
the tis.sxxe of oingin xvoxxld thei'efoi’e be difficxxlt. Considering the preceding 
disexxssion, also the names “nonchromaffin paraganglioma” and “chemodect- 
oma” woxxld be warranted for the txxmors described. However, the observation 
of very immatxxre sympathetic gaxxglionic cells, particularly in the txxmor 
excised in 1951, to which these names especially well coxxld be applied, makes 
one doubt the correctness of being categoric by separating them seriously from 
the conventional chromaffin paraganglionie groxxp of txxmors. It seems that 
the finding of sympathogonias was evident also in the case of jMillei*.'® It is, in 
this connection, interesting to recall that, in the case of pheochromocytomas, 
different developmental stages of txxmor cells are known, at least in the cases 
of 'WahP® and Wahl and Robinson.^* However, the literature seems to contain 
further points against the separation. These are borne oxxt by the facts that 
the paragangliomas, in the stricter sense of the word, are also sloxv growing 
and often mxxltiple, and that txxmoi’s having their typical locality, even stain- 
ability, sometimes seem to appear concurrently with the carotid body-type 
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fTioup of tiimois ^ Fillthcimoro, theie siitclj exist tiuo sympathetic paia- 
f'ansliomas uithout aiij- ehioinaflfin reaction It seems that the chiomaffiinty 
of the coils is reached onlj' in the final step of their differentiation This is 
Moll denionstiated by the fact that not all cells in a pheoehiomocytoina are 
(hiomaffin" 

A special feature of the tninois described :n the present case was the 
clearly distinct component eonsisting of prrniitiie coiinectivo tissue To the 
kiionledge of the present anthois such tissue has not been present in any 
tumors described pieiiously. According to the literature, neurofibromatosis 
of the skin may coexist uith a pheoehiomocjtoma “ We cannot definitely 
deny the presence of sehuannomatoiis or neuiofibiomatoiis differeiitiation in 
some areas of the tumor removed in ]!)5C Hoivei’er, all the other features 
])oint to a true mesodcimnl type of growth This again may have some bearing 
on the discussion eonecining the histogenesis of tumors arising in carotid 
bodies and related structures The view is expressed hi some aiithois' ® that 
tissue of mesodermal or laseulai glomeial origin would be involved dimiig 
their deielopment The stiuetuie of the two tumors in the present case seems 
to confirm this opinion But also, the adrenals are, in the early einbiiogcnesis, 
de\eloped from two piimitiie aiilagen, which for a long time remain separated 
The cortical layer is mesodermal, the medulla ectodermal Another suggestion 
is that perhaps a faiiltj- organogenesis has something to do with the causal 
aspect of the tumors reported in this papei Our knowledge is, however, too 
limited to warrant any conclusions applicable to these cases 

The necrotic foci, diminished organiration of the tumor tissue, and the 
piesenee of mitotic figures and atjpie cells in the tumor lernoied in 1956 were 
clear signs of a fiend to malignancy as compared to the first tumor Malig- 
naney is rarely cncoiiiitcrcd in tiiniois of the parasympathetic system'' On 
the other hand, it is not as infrequent in the ictiopeiitoneal tiimois of a similar 
structure that are considered by Snicfaiia" also to he nonchiomaffiii pnra- 
ganglionie tumors The signs of local malignancy in the latter tumor grownng 
from diaphragnial tissue seem to be in keeping with the concept that malig¬ 
nancies are inoi'C common in the abdoniina! group of paiaganglionic tumors 
than in the thoracocervical group 

In view of the variable features of the epitheloid tissue and of the adjacent 
richly laseulai’ired coiinecthc tissue seen in the pathoanatoinic examin.rfioii 
of the first tumor, our case was first diagnosed as a malignant hemangioma 
AVc lefer in this eonncction to the first report of this ease by Peiasalo The 
new tumor which developed 514 >eais later in the contialateinl side of the 
thorax gave reason for reconsideration and re analysis of the ease 

suxtMAav 

The authors describe two paiaganglionic tumors dei'cloping in the thoracic 
caiity of a 5(1 year-old woman The first tumor was fist-sized, was situated 
between the lobes of the left lung, and was adlieient to the anterior mediasti¬ 
num The second tumor was excised 514 years later because of the clinical 
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symptoms. It was adherent to the right hemidiaphragm and was of the size 
of a child’s head. It showed signs of local malignanej’. The size of both 
tumors was in large part due to a separate mesenchymal fibromyxomatous 
component. Eeeovery was uneventful after both .surgical operations and the 
patient resumed her former occupation. The development of metastases has 
recently been suspected but in no way proved. 

The authors discuss the classification of these tumors and suggest that the 
presence of small, sympathicogonia-like cells in the fir.st removed nonchromaffin 
and carotid l)ody-like tumor gives reason to associate both tumors closely with 
paragangliomas, in the original sense of the tei-m. The finding of a primitive 
mesodermal component, in addition, was intcrestiTig in point of view of the 
histogenesis of paraganglionie tumors. The differentiation in principle of 
epitheloid stnxctures associated with the sympathetic nervous sj’stein. on the 
one hand, and with the parasympathetic system, on the other hand, and of 
the tumors originating in these epitheloid structures does not appear to Im well 
founded in all respects. The nonchromaffin portions of the tumors described 
in the present report are therefore merely termed paraganglionie. 
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Fort Sani Houston, Texas 

INTRODUCTION 

E meroency pulmonary resection during: the course of an acute spreading in¬ 
fection within the lung is diametrically opposed to the established concept 
of deferring operation in acute pulmonary disease. Experience Avith acute 
necrotizing pneumonia of stapliylocoeeic origin, Avliich carries a prohibitive 
mortality of 75 to SO per cent under intense medical treatment, stimulated the 
development of a combined medical-surgical approach to this disease and the 
utilization of emergency excision of di.sea.sed pulmonary tissue in these aeutely 
ill patients. 

The availability of sulfonamides and penicillin in 1952 led Sir Russell 
Brock* to predict that the mortality atti’ilnitable to staphylococcic infection of 
tlie lungs Avould have to be revised doAvnward. However, reports from the 
British medical literature of the past few yeai’s point out the persistence of 
a high moi-tality rate associated Avith the acute necrotizing pneumonia of 
staphylococcic origin, Fi.sher and his a.ssociates,® reporting on 21 eases of 
this type of staphylococcic ]nieumonia in adults, record a G6 per cent mor¬ 
tality despite intensive medical therapy. This is representative of the results 
currently being obtained in this country. CasAvell and his colleagues," re¬ 
porting on the Temple University experience Avith antibiotic-resistant staphylo¬ 
cocci, note the deaths of 3 out of 4 patients Avith bronehopneirmonia treated 
AAuth antibiotics to AA'hieh the bacteria Avere susceptible. Regarding this 
entity, CasAvell states, “This mortality rate is precisely that reported in the 
presAilfonamide preantibiotic era.” 

Reports dealing AAutli staphylococcic pneumonia in the French and 
Gei’man literature of 1889-1890 labeled it a complication of epidemic influenza. 
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A classic clcseuption of tlie clinical pictinc of neeiotizing pneiinioiiia iias 
pubhslitd bj Cbickoiiiig and Paik“ m 1919 aftei obsciiing an influenza 
epidemic in a niilitaiy camp of AVoild Wai I The fact that epidemic in 
fliicnza maj sot the stage foi staphjloioecit piieumonia is ivell established, 
howeioi, it can no longci be consideitd the sole piedisposiiig faetoi Minoi 
lyipei icspiiatoiy jiifeetion of an ntntc natuie inaj pave the waj foi staphjlo 
eoecic iinasion of the bionehopiilmoiian ticc Chionic bionchitis and inly¬ 
ing degioes of pulnionaij edema ni.nj (stabhsh a faioiable eiinioninoiit for 
the gioivth of staphylococci in the usiniatoiy tioe of oldei oi debilitated 
indiiidiials A fatal stapliyloeoccic jiioctss may deiclop as a siipoiimposed 
infection in sites altoied by jiiK innococms pneumonia 

Unfoitiinateh, most iqioits haic faibd to diffeieiitiate clcaily the 
scicial pathologic jiattcins of staphiloeoieu infection ivithin the lung Con 
seqiiently, the physician fated luth an occasional case is confused by dneigeiit 
moitality icpoits Block’s' 15 pci cent iiioitalitj is applicable only to the 
abscess uliicli can be e\pettod to diain na bionehial loutes The G9 to 90 
pel cent laiige applies specifically to the moie niiilent pattern 

The initial insult of Staphylococcus auieus on pulmonary tissue is baeteiial 
inyasion ol the bionthial nuieosi yiliich piodiices a peiibionchial zone of 
hypeteniia in uhielt immito loci ol consolidation appeal These foci lapidJy 
piogioss to iiiiliaii type abscesses The iiidnidual iespouse to the infection 
diffei's 111 the intant and adult ago gioups 

The pictuie established yvithin the infant lung usually falls into one of 
thiee oategoiies (a) the poiibionchial icaction may tend to leiiiam local 
izod, piodueing a elictk yahe effect on the bionchioles lesulting in the 
flapping ol ail m the distal aheoli \uth the subsequent development of one 
Ol seyoial pnonniatoccles, (b) the peiibionchial miliaiy abscesses may lapidly 
extend to peiloiato the yisceial iileuia piodiicing piieiiiiiothoiax and eiii 
pyenia, and (c) a and b may deyolop siimiltaneoiisly in the same inlaiit 

Ill the adult lung theie may oceui a lobiilai bioiichopiieumonia Scat 
teicd small aicas of paitiichvmal iiifiltiatioii occiii uliich tend to disappcai 
uheii the patient can effectively' clcai the tiacheobionchial tiee This may be 
uniecogiiizcd unless fiequeiit \iav studies aie earned out and bactenologie 
studios pcifoimed loutinely This pattern may be self limiting oi piogiess 
to the moie seveie types, possibly by bionehial embolization 

Second a localized abscess may oceui The iiiiiiute abscesses may be 
come confluent to piodiice a shaiply localized aiea of necrosis in close pioximity 
to a bionclius This aiea may be evacuated spontaneously via a bionehus 
leaving a tempoiaiv evstlike space lesembliiig a piieiiniatooelo Paienchymml 
destruction may be minimal and complete healing takes place Siicli a pioeess 
may, in its healing, leave a dense paienchymal fibiosis oi localized bionchiectasis 
Localized abscesses in the pciipheiy of the lung may peifoiate the 
viseeial pleuia and piodiice a bionehoplenral fistula with empyima eailv 
in the couise of the disease Such a pattern might be anticijiated when the 
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initial process is developed in the middle and lower Inng fields. The pleural 
response to the development of a bronchopleural fistula is the rapid forma¬ 
tion of a dense, trapping peel. 

Third, there may occur a necrotizing pneumonia. The peribronchial 
abscesses become confluent to pi’oduce a coalescence of the bronchial mucosa 
azid alveoli. The segment or lobe is totally involved in a hemorrhagic necrosis 
and the bronclii are occluded with necrotic slough. The zone of the lung is 
airless. It occupies its normal space as a solid edematous mass. The visceral 
pleural reaction is limited to a fibrinous exudate without the deA'clopment of 
significant effusion. This process spreads locally by direct contiguity and is 
no respecter of fissures. The i*apid progress of this process suggests that there 
is early impairment of the bronchial circulation within the lobe, resulting in 
tissue death. The pulmonary circulation within this area immediately be¬ 
comes a useless shunt, and total disintegration of the involved lobe ensues. 
The spread to the contralateral lung is usually by bronchial embolization. 
The radiographic density exhibited by such tissue is frequently misinterpreted 
as pleural effusion. 

It is readily appreciated that drainage is an essential feature in the types 
of the disease which exhibit a tendency to recover on conservative manage¬ 
ment. Necrotizing pneumonia is an unsolved problem and the following case 
reports serve to demonstrate a new approach wliieh offers promise. Four 
patients sub.iceted to emergency pulmonary resection during the acute phase 
of necrotizing pneumonia ai-e presented. 

CASE REPORTS 

Case 1.—(Figs. 1-6) A wliite army nurse, 41 years of age, was admitted to the Iiospital 
complaining of right anterior chest pain and fever. Tlie patient had been treating herself for 
a cold for approximately 3 weeks with antipyretics and oral antibiotics. Ten days prior to 
admission, pharyngitis and rhinorrhea had become marked and during this period her tempera¬ 
ture had risen daily to 102° F. The past history disclosed a lobar pneumonia in 1941, and 
viral pneumonia in 1948. The patient had had a recent 8 months’ tour of duty in Indo-China. 

Physical examination revealed a temperature of 101.8° F., pulse 96, and blood pres¬ 
sure 116/64. This patient appeared undernourished and acutely ill. The pharjmx was 
mildly injected. Auscultation of the chest revealed harsh breath sounds bilaterally; there 
were no localized rales or areas of dullness. The abdomen was negative. Laboratory o.vami- 
nation disclosed a white cell count of 15,000 with 80 per cent neutrophils. A throat culture 
yielded Diplococcus pneumoniae. X-ray studies showed infiltration limited to the right middle 
lobe. 

The following therapeutic regimen was instituted on admission: penicillin 40 million 
units daily, streptomycin 2 Gm. daily, Achromycin 2 Gm. daily, intermittent positive pressure, 
and Alevaire and Isuprel every 2 hours. Postural drainage of the middle lobe was attempted. 
The patient showed no response to a 10-day- course of this treatment. Temperature fluctu¬ 
ated between 102° and 103° F. Bronchoscopic examination performed on the twelfth hospital 
day- showed the right middle lobe bronchus to be displaced downward and occluded with thick 
tenacious mucus. Eepeated aspiration via the bronchoscope was inelfective. Throughout the 
hospital course, the roentgenograms revealed persistence of the middle lobe consolidation. 
Coughing and positive pressure breathing were inelfective in producing significant amounts 
of sputum. By the fifteenth hospital day the temperature had stabilized at 104° F. 

On the twenty-third day, an emergency- middle lobectomy was carried out under endo¬ 
tracheal cyclopropane-ether anesthesia. The middle lobe occupied its normal space; its pleural 
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surface was covered witli a slmggj plastic exudate On palpation, the lobe hid a locklikc 
coii'Jistencv Ihc inflammatory process Jiad not crossed fissure lines Ilyperemic edematous 
glands were prominent in both fissures and al out the middle lobe bronchus TIic middle lobe 
bronchus was edematous and finblc at the point of transection On section of the specimen 
total destruction of the architecturo was noted Multiple minute granulomas were scattered 
throughout tho lobe At completion of the operation, the patient’s temperature which had 
been 30-4® F on arriv il in tho opcratinff room was recorded at 98 9® F 

Ihc clinical course showed drimatic improv ment following operation The tcmperatuic 
did not exceed 100® F despite the development of a Ironchoplemal fistula This fistula 
closed spontancouslv The patient underwent Iccortication G weeks after lobectomy Re 
coverv from the second operation was uneventful and pulmonary function btudies were within 
normal limits 

Fatholagit J Tinmnation — 

Gtoit riio serosal surfict of the lung showed utas of hemorrhage and fibrous ad 
hesions Multiple sections through the lung revealed innumerable whitish discrete nodules 
whuh avenged 1 to 2 mm in diameter Phese nodules Iccime confluent m some areas The 
gross ap{ caranco suggested an active granulomatous process Typical lung abscess w is not 
cm onntcrcd during gross examination 

l/it>05copir 111 sections exanuned presented the same picture There were numerous 
dis loto gruiulom IS fillcl with neutrophils surrounded bv an inflammatory granulation exhibit 
mg early fibrosis Broad zones of organizing picumonia separated the granulomas Focal 
ami diffuse arc is of necrosis and pneumonitis involved the alveolar walls and septae Exudate 
was composed of fluid fibrin and nionomiclcar cells As tho reaction was seen throughout the 
pulmonarv parenchyma it probabh repre-ented a specific tvpe of infection The over all find 
mgs were tlio o of suppui itive organizing broiichopncuinonm Bacteria weie not demonstrated 
bv special st nnmg techniques 

Co)n7ncnt —Repeated sjiutum cultures and cultures of bronclioscopic washings filled to 
disclose tlio etiology of tins process Likewise, cultures of the icscctcd lo])o were nogatnc, 
liowcver, clinic illv, this patient’s course was consistent with the staiihylocoeeic process The 
microscopic examination of the resected tissue suggested that tlic process was halted m the 
course of its progress tow ird a tiue necrotizing pneumonia At no time did the patient 
exhibit findings consistent with true abscess formation The prompt clinical lespon^sc to 
lobectomy in tins patient indicated tl at emergency resection might bo useful m tho manage 
ment of certain acute pulmonary infections which did not dram via normal routes and winch 
exhibited no tendency to improve on adequate medical tlierapy Bioiiehopleuial fistula is to 
be anticipated as a complication duo to the local disease process within tlie bronchial wall 

Case 2—(Iigs 7 32) A J2 v eir old wl itc man w is almitted to Brooke Vrmy Hospit il 
1 y transfer from another hospital This soldier returned to tins country from Cxerniany on 
Sept 21, 1957, at wliuli tniic 1 c w is sufTering from a cold cliinetenrod by a dr> hacking 
cough During October the cough mereaced and became productive of blood tinged sjiutum 
tluoughout this perjol outpatient treitinoiit hid been ineffective Ifo w is Iiospit ili/ed 
Novcmlici 4 

Chest roentgenogram at tl is time revealed a small urea of infiltration m tl e left lower 
lobe Achromycin, 2 Gm daily, Alev lire and Isuprtl inhalations and expectorants comprised 
the liospit il treitment and for the next 15 days his temperature ranged from 100® F to 103® 

F Ills clinical condition gradually deteriorated, although his temperature stabilized at lower 
levels, 99® to 100® F Roentgenograms of the chest revealed a slow increase m the area of m 
filtration in tlie left lower lobe Sputum cultures during tins iiospital period yielded hemolytic 
Staphylococcus aureus and streptococcus The cough progressed to liecomc productive of 
mucopurulent sputum There was a 6 pound weight loss Skm tests were reported as follows 
purified protein derivative No 2 positive, histoplasmosis and coccidioidomycosis, negative 
■\Muto blood cell count during this month of hospitalization vine! from 12,000 to 12,800 
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Tins patient ^^as transferred to Brooke Army Hospital on the thirty-ninth day of his 
(li^-onse. Physical examination revealed an acutely ill, mildly lethargic, joung man. Tempera¬ 
ture was 104“ F., pulse 120, respirations 32, and blood pressure 138/88. Tho left hemithorax 
%\as splinted and dull to percussion. No breath sounds wpro heard o^cr the left lung. The 
pharynx uas hyperemic. The abdomen uas negative Sputum culture yielded Staphylococcus 
aureus, coagulase negative, sensitive to broad speetrum antibiotics 

Tho following thcraiiy was instituted on admission; daily, by intravenous route, 
penicillin 20 million units, streptomycin 2 Gm, Cldorom>cctin 3 Gm.j oral medication— 
isonicotinio acid hydrazido 400 mg., and p}ridoxmc 150 mg. On the forty second day of 
disease, tlic patient’s temperature ranged upward to 100“ F. Bronchoscopy revealed an 
exuberant granulation proce^^s occupying the major portion of the left main stem bronchus. 
Thick, aticho\ylikc pus «’*is removed from tins site tuCh a hiapsy forceps. FoWownng this, 
there was suggestive cvideneo of rctuni of aeration to the left upper Jobe. Digitalization 
was accomplished. Bronehnveopy with lemov.al of large amounts of pus was performed 
several times on the forty fifth day of disease. I.eft thoracentesis yielded 50 c.c. of sero- 
sanguinooua fluid. Emergency thoracotomy was proposed nt tins time, but it was postponed 
hoping that further clearing of the loft upper lobe would obviate pneumonectorav. On the 



Fig. 11.—Case 2. Gross specimen of left lung. 


fiftieth day of disease, the patient’s temperature was lowered by continuous intravenous drip 
of hydrocortisone 300 mg. daily. Low hemoglobin was corrected with three units of blood. 
The patient seemed to stabilize for a period of 9 da>s during which time bronchoscopic 
aspiration and irrigation were performed daily. AVliite cell count was 18,300, neutrophils 94, 
lymphocytes 0, and hemoglobin 9.6. However, on December 17, the sbety-sbeth day of disease, 
the temperature started to ascend. Tracheo*?tomy was performed and aerosal trj’ptar was in¬ 
stituted every 2 hours. Copious amounts of thick pus were aspirated from the tracheostomy 
tube. On December 28, x-ray studies revealed total consolidation of the left lung with an 
infiltrative process in the upper lobe of the right lung. 

On tho seventieth d<ay of disease, white cell count was 32,900, neutrophils 94, lympho¬ 
cytes 6, and hemoglobin 10 4 Gm. Artificial hibernation was begun and the patient’s tempera- 
turo was reduced to 95“ F. by surface cooling with Thermoritc blankets. A left pneumonec¬ 
tomy w'as performed. The left lung was free of adhesions, tho pleural surface was covered 
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witli a tliin sliaggy exudate and there was no intrapleural fluid. Tlie lung was firm and 
edematous, its surface presenting transverse imprints of the adjacent ribs. Pulmonaiy 
vessels were ligated and divided within the pericardium as their exposure within tlie hilus 
was technically impossible. Tlie pericardial sac contained grayish, cloudy fluid. The main- 
stem bronchus was necrotic in its zone of division near the carina. Extraction of the intact 
specimen could not be carried out through the routine posterolateral incision, consequently, 
it was fragpneuted during extraction of the specimen from the pleural cavity. Section of 
the resected lung revealed total destruction of the parenchyma. Artificial hibernation was 
maintained and patient’s temperature was controlled to a level of 97° F. until he died 17 
hours after operation. 
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Fig. 12.—Case 2. Microscopic section (X'tTo). 


Pathologic Examination .— 

Gross; The left lung was completely consolidated except for a small jJartially aerated 
portion of the upper lobe. The pleural surface of the lung was white in color with scattered 
patches of exudate. No areas of adhesions were noted. 

Microscopic: There was diffuse suppurative bronchitis with obstruction and ulceration 
of the bronchial mucosa. Pulmonary parenchyma showed diffuse necrosis with organization 
of a suppurative bronchopneumonia. In some areas theie were broad sheets of fibrinoid-like 
material with thickened alveolar septa, with organization of bronchial secretion and comjjlete 
consolidation of focal areas within the lung parenclij-ma. Several areas showed confluent 
abscess formation especially around small- and medium-sized bronchi. Diagnosis: pneu¬ 
monitis; diffuse consolidation and organization; suppuration and confluent abscesses. 

Comment .—The unrelenting progression of disease was well illustrated in this instance. 
In retrospect, it is likely that this patient would have survived if he had undergone thoracot¬ 
omy when it was first proposed. Even at that time, left pneumonectomy would probably 
have been the operation of choice. Desperation pneumonectomy in the face of contralateral 
disease is not advocated as it offers no promise of significant reduction in the e.xisting 
mortality rate. 
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Cash 3.—(Figs. 13-lS.) A 39-j‘car-old Negro woman uas Jiospitalized nith complaint 
of fciilioccipital headache, rhinitis, riglit clicst pain, and blood-streaked sputum. Her general 
healtli had been good until 3 days prior to admission when a cold became complicated by 
marked nasal discharge and headache, cough had increased in frequency and seierity, and 
slight blood streaking of the sputum had been noted for 24 hours. Physical examination dis¬ 
closed an acutely ill female with a temperature of 102" F., pulse 100, respirations 24, 
blood prc'^siire 118/00, and grunting respnntorx distress. Tlie nose and throat ^^e^e 
moderately hyperemic. The right thorax was splinted, and rhonchi and wheezes A\ero present 
throughout the right chest. Percussion note uas slightly impaired in the right lower chest. 



Fife'. 13 Pig. 14. 

Fig. i3.—Case 3. Tlilrd day of disease—infiltration of riglit lower lobe. 

Fig. 14.—Case 3. Sixtii clay of disease—"pread of di.sease imdei therapy No plem.il 

fluid 

The abdomen, uas negative except for bilateral adnexal tenderness. Skin tests of puiified 
protein derivative, coccidioidiii, and histoplasmiii were negative. Laboratoiy examinations 
re^ealed a W’liitc cell count at 18,000, neutrophils 80, lymphocytes 16, and a hemoglobin of 
12 Gm. Sputum smear showed gram-positive cocci. On December 22, a sputum cultuie 
yielded Staphylococcus aureus coagulnsc positive, sensitive to Chloromycetin. The temperature 
varied between 101® and 103® F. During this period, she received penicillin, 2 million 
units, and streptomycin, 2 Gm. twice dail^x Following the recovery of Staphylococcus aureus 
from the sputum cultures, the treatment was changed to the following: chloramphenicol 3 
grams, penicillin 60 million units, tetracycline, 730 mg., and streptomycin 2 Gm. daily, 
by continuous intravenous drip. Hydrocortisone, 300 mg. daily, w’as started. Chest roentgeno¬ 
grams on the sixth day of disease were interpreted as revealing the presence of pleural fluid. 
Tlioracmitesis failed to confirm this. On the seventh and eighth days, the patient's tempera¬ 
ture remained at low'er levels, and she was symptomatically improved. Rales and dullness 
persisted over the right base. Chest x-ray studies were consistent with progression of the 
infiltrative process in tlie right lower lobe. The patient's clinical course deteriorated rapidly 
on the ninth day. Temperature rose to 102® F., pulse 120, and respirations 38. Sputum 
production was minimal. V^niite cell count was 32,500 wdth 88 per cent neutrophils. Anti¬ 
biotics wore changed to the following, administered by continuous intravenous drip: peni¬ 
cillin 105 million units, ristocetin 3 Gm., Cliloromycetin 3 Gm., streptomycin 3 Gm., and 
eiythromjcin 3 Gm. 
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witli a thin shaggy exudate and tliere was no intrapleural fluid. The lung was firm and 
edematous, its surface presenting transveise imprints of the adjacent ribs. Pulmonary 
vessels were ligated and divided within the pericardium as their exposure within the lulus 
was technically impossible. The pericardial sac contained grayish, cloudy fluid. The main- 
stem bronchus was necrotic in its zone of division near the carina. Extraction of the intact 
specimen could not be cairied out tlirough the routine posterolateral incision, consequentlj-, 
it was fragmented during extinction of the .specimen from the pleural cavity. Section of 
the resected lung revealed total destruction of the parenchyma. Artificial hibernation nas 
maintained and patient’s temperature nas controlled to a level of 97° F. until he died 17 
liouis after operation. 
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Fig-. 12.—Case 2. Microscopic section (xlTT)). 


Fatliologic Examination .— 

Gross: The left lung was completely consolidated except for a small paitially aeiatcd 
poition of the upper lobe. The pleuial surface of the lung was white in color with scattered 
patches of exudate. No areas of adhesions weie noted. 

Mio oscopic: There w'as diffuse suppurative bronchitis with obstruction and ulceration 
of the bronchial mucosa. Pulmonary parenchjana showed diffuse neciosis with oiganization 
of a suppurative bronchopneumonia. In some areas there weie broad sheets of fibrinoid-like 
material with thickened alveolar septa, with oiganization of bronchial secretion and complete 
consolidation of focal areas within the lung parenchyma. Seveial aieas showed confluent 
abscess formation especially around small- and medium-sized bronchi. Diagnosis: pneu¬ 
monitis; diffuse consolidation and organization; suppuration and confluent abscesses. 

Comment .—The unrelenting progression of disease was well illustiated in this instance. 
In retrospect, it is likely that this patient would have survived if he had undergone thoracot¬ 
omy when it was first proposed. Even at that time, left pneumonectomy would probably 
have been the operation of choice. Desperation pneumonectomj' in the face of contralateral 
disease is not advocated as it offers no promise of significant reduction in the existing 
mortality rate. 
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Casf 3—(Eigs. 13 IS ) A SOjcnrold Negro ^^onian uas Iiospitalized ^ith complaint 
of subocciintal licidacho, rhinitis, right chest pain, and blood streaked sputum Her general 
healtli had been good until 3 da}s prior to idmission when a cold became complicated bj 
marked nasil discharge and lieadache, cough had increased in frcquonc} and seventy, and 
slight blood streaking of the sputum had been noted for 24 hours Physical examination dis 
closed an acutely ill female iMth a fcmpcratun* of lOJ® F, pulse 100, ro'.pirations 24, 
blood pressure 118/UO, and grunting re«{pird.tor> distress The nose and throat Meie 
modcr.itol.\ hjperemic. The right thorax was splinted, and rhonchi and uheezes were present 
throughout the right chest Percussion note nas slightl) impaired in the nglit lowei cJicst 



Fiff n —Case Third day of disease—infiltration of right lover lobe 

Fiir 1-1—Case 3 Sixth daj of disease—spread of disease undet therapy No pleural 

fluid 


The abdomen vas negative except for bilateral adnexal tenderness Skm tests of purified 
protem deri\ative, coccidiouliu, and lustopUsnuu were negatue. Laboratorj examinations 
ipvealed a vhitc cell count at 18,000, neutrophils 80, lymphocytes 16, and a hemoglobin of 
12 Gill Sputum smear shoved gram positiie cocci Oa Pecember 22, a sputum culture 
iieldid Staphylococcus aureus coagulasc positive, sensitive to Chloromycetin Tlie temperature 
varied betveen 101“ and 103“ F During this period, she received penicillin, 2 million 
units, and streptomycin, 2 Gm twice daily Following the recovery of Staphylocoveus auieus 
from the sputum cultures, the treatment was changed to the following cldoramphenicol 3 
grams, penicillin 60 million units, tetracycline, 750 mg, and streptomycin 2 Gm daiJv, 
by continuous intravenous drip Hydrocoitisone, 300 mg daily, was started Chest roentgeno 
grams on the sixth day of disease were interpreted as revealing the presence of pleural fluid 
TJioracentesis faikd to confirm this On the seventh and eighth days, the patient's tempera 
ture remained at lower levels, and she was symptomatically unproved Kales and dullness 
persisted over the right base Chest \ ray studies were consistent witli progression of the 
infiltrative pioccss in the right lower lobe The patient's clinical course deteriorated rapidly 
on the ninth day. Temperature rose to 102® F, pulse 120, and respirations 3S Sputum 
production was minimal White cell count vvas 32,500 with 88 per cent neutrophils Anti 
bjotics were changed to the following, administered by continuous intravenous drip* pein 
cilhn 105 million units, ristocetin 3 Gm, Chloromvcetm 3 Gm, streptomycin 3 Gm, and 
ery tliromyciii 3 Gm 
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The patient continued to deterioiatc clinically and right thoracotomy «as deemed 
essential. Aitificial liibeination ^\as instituted. The patient uas cooled to 94.5° F. uith aid 
of Theimoiite blankets. Eight thoracotomy uas poifoimcd. The necrotic pioccss i\as 
found to involve only the lower lobe. Eoutiiic lower lobectomy was cairied out. 

Postoperatively, the patient was greatly improved; drug Iherap^ was continued. Her 
temperatiue was controlled to a normal level b 3 ' continued hibernation and hipotheimia 
tor 4S hours postoperativolj-. Following discontinuation of hibernation, tempeiatuie 
reached 100° F. on two occasion'-. All antibiotics were discontinued on the sixteenth 
postopeiative daA'. Thoracotomy tubes were removed after 72 hours. The recovery was 
uneventful and patient resumed normal activitj 30 da\.s aftei onset ot illness. 



Fig 13. Fig IG 

Fig 15.—Case 3 Ninth day of disease—day of operation. 

Fig 16.—Case 3. Third postoperative day. 


Pathologic Examination .— 

ihcioscopic: The bionchi were all similar; there appealed to be hj’perplasia of the 
bronchial epithelium. It wms thick, dense, and piled in some aieas; in other areas there 
appeared to be actual ulceration and erosion of the bionchial mucosa. Some of the bronclii 
were large, distended, and filled w’itli mucopurulent exudate. The exudate extended into 
the smaller and terminal bronchioles. The pulmonaiy parenchj’^ma sliowmd a diffuse con¬ 
solidation with marked thickening of alveolar septa and infiltration with inflammatorj' 
cells. In other areas the pulmonarj’- parenchj’-ma showed large and small abscesses with 
necrotic degenerating centers. In some aieas, there was coalescence of the individual 
abscesses. Precipitated proteinaceous material and fibroblasts along with the collapsed 
alveoli made almost a solid mass of pulmonary parenchj'ma in the areas adjacent to the 
multiple abscess. In some areas the abscessed cavities and abscessed walls extended out 
to the visceral pleura. 

Comment .—The clinical course of the disease and the radiologic findings illustrated our 
indications for the use of excisional surgery. After 72 hours of treatment, the patient’s tem- 
peiature appeared to be controlled, and she was somewhat improved clinically; however. 
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Flff. 17.—Case 3. MIcro.**coplc section (X-ITS). 




Fig. 18.—Case 3. FoUow-up film. 
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X-ray ^(nrlics sliowed marked progression of the rigl.l lower lolje infiltration. By the 
nintli day of her illness, despite continued antimicrobial therapy, she began to manifest 
evidence of rapid clinical deterioration with further x-ray evidence of increase in the 
pulmonary infiltration. Eight lower lobectomy was performed, utilizing the artificial 
liibernation-hypothcrmia technique. Following discontinuance of this support on the 
third postoperative day, the patient did not become lo'pcrthermic; 100.4° F. was the 
highest temperature noted in the postoperative period. Her postoperative clinical cour.se 
demonstrated that properly timed surgical intervention in these patients can produce 
a satisfactory result. The destruction evident in this resected lobe was such that had 
she been fortunate enough to survive the nciitc di.sense the damaged residual lung would 
have necessitated an operation and additional hospital care. 

Cask 4. —(Figs. 19-26.) This 36-ycar-old man was admitted to Brooke Army Hospital 
on :Muy 29 because of dyspnea, fever, and left chest pain. About mid-j\Ia}', this patient 
had been treated for a 2-day bout of cramping abdominal pain. This was complicated 
by swelling of the ankles. One week jirior to admission to Brooke Army Hospital a cough 
developed with left anterior che.st pain. This progressed to a cough productive of blood- 
streaked mucopurulent material, persistent fever, and increasing weakness. 

Physical examination disclosed a cyanotic patient in acute respiratory distress, tem¬ 
perature 101° F., respirations 40. The pharynx was injected. There was limited ex¬ 
pansion of the chest on the left; intercostal retraction was noted on the left. Breath 
sounds were decreased in the loft liemitliorax, and coarse rlionchi and rfdes were heard 
over the left lung. The abdomen was negative. The extremities showed pitting edema. 
Laboratory examinations revealed the white cell count to be 15,850 with neutrophils 90, 
lymphocytes 10. Hemoglobin was 10.6 Gin., hematocrit .84, scrum sodium 1.38, serum 
chlorides 97, potassium 4, blood urea nitrogen, 2.0.5 mg. iier cent, and CO- 18 niEq. per 
liter. Urine showed a specific gravity of 1.02.5, sugar 2+ positive, albumin negative. A 
smear of the pleural c.xudate showed gram-positive cocci, and gram-negative diplococci. 
This patient was practically moribund on arrival in the ward. Pulse and blood pressure 
were not obtained. 

Tracheostomy was performed without anesthesia. Aspiration yielded copious 
amounts of foul-smelling, yellowish pus. A similar material (1,500 c.c.) was removed by 
left thoracentesis. The cyanosis cleared rapidly. After 2 hours of Levophed support, the 
blood pressure stabilized at 130/80, pulse 110, and respirations 20. The Levophed was 
discontinued. A ntuslirooni catheter was inserted into the left pleural cavity via the 
eighth interspace and attached to water-seal drainage. Bronchoscopy and tracheobronchial 
lavage resulted in further clearing of the airway. Digitalization was accomplished with 
intravenous Gedilanid. The thoracotomy tube ceased to function after 48 hours; the 
[losition was corrected and 300 c.c. of pus drained promptly. Atelectasis of the left lowci 
lobe persisted de.spite bronchoscopy and repeated tracheal suction. A total of 1,000 c.c. of 
blood was given. The patient appeared confu.scd and irrational. On .Tune 2, a second 
thoracotomy tube was inserted and 1,200 c.c. of pus was evacuated from the left plcuial 
cavity. His mental state improved steadily until .Tune 5. 

On June 6, the patient was extremely to.xic; drainage via the thoracotomy tubes 
was poor. Blood (1,000 c.c.) was administered, hydrocortisone (100 mg.) was given and, 
under hibernation hj-pothermia, a left lower lobectomy was performed. Culture of the 
fluid exudate j’ielded microaerophilic streptococcus and Staphylococcus alhvs, coagulaso 
negative, sensitive to chloramphenicol, oxytotracycline, and streptomycin. At operation, 
several large loculated empyema pockets separated by old pleural adhesions were encountered 
with necrosis of pulmonary tissue involving the posterior segment and superior division. 
Considerable intractable oozing was encountered in the region of the pulmonary ligament and 
from the parietal pleural surface. The upper lobe inflated easily and appeared free of 
parenchymal disease. Pleural drainage was established with two large rubber tubes. 
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During tho first 24 hours postoperati\elj, the patient continued to ooze to the point 
of collapse of tho left upper lobe, and production of a mediastinal shift A ‘second opera 
tion nas carried out June 7 iihich reacaled bleeding from the chest ^^all and in the area 
of tho pulmonary ligament This i\ns controlled with electrocauter;y and Gelfoam sutured 
into the bleeding sites The left upper lobe was re expanded and suction applied to the 
thoracotonn tubes rollowing the second operation the patient received adequate blood 
transfusions and was maintained with a Bennett respirator for 30 hours All drugs were 
discontinued bv June 14 On June 2^, lio received pneumoperitoneum to aid in the closure 
of the bronchopleural fistula The residual bronchopleural fistula was treated bj open 
thoracotomv tube until the pleural space was reduced to a 10 c c capacity 



Fiff 19 Fiff 20 

Fiff 19—Case 4 JItssivc r>>opne«niotliorax 

Fjg 20—Cise 4 Followlne traclieotom) and thoiacostoinj ilralmge 


Pathologic rxammation — 

Gioss Tlie lower lobe of the lung was firm, the pleural surface niarhedly tliickened 
Sectioning roiealed two large abscess cavities The diimeter of one of the cavities metsured 
3 cm A large abscess near the pleural surface measured G cm in diameter 

Micioscopic Sections from various portions of the lobe were similar The picture was 
that of an acute inflammatory abscess with an abundance of neutrophils and iiecrotm debris 
m tho central portion No fibrous encapsulation was noted There waa increased fibrin 
deposit about the nm of the abscess The surrounding lung was frequentlj collapsed and 
focal areas of scarring were noted 

Comment —The disease pattern exhibited bj this patient appears to Iiavo been due to 
a fulminating staplijlococcic infection occurring witliin a previously damaged lobe of the left 
lung with early drainage into areas of preexisting chronic pleuritis The resultant otnpyema 
drained via the bronchus almost causing asphyxiation of the patient, q'he decision for 
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Fig 21. 


Fip. 22 


21. —Case 4. Following u.sc of multiple tlioracotomy tube"’ 

22. —Case 1. Beginning of postopetative heniotlioi.a\. 
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Fig. 23. Fig 24. 

23 __Case 4. Stabilization following second thoracotomy for hemothorax 

24 __Case 4. Follow-up film—twenty-fifth postoperative day. 
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Fie. 2c. 

p,g.. 25,—Case 4. Jllcroacopic section (X30). 
Fip. 26.—Case 4 


Microscopic section (X105). 
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cmorgciicr surgical intervention was based on the clinical deterioration and the failure of 
multiple thoracotomy tubes to drain the empyema ciTcctively. The complication of continued 
postoperative bleeding, necessitating a second thoracotomy, was attributable to the extensive 
old pleuritis in this patient. The bronchopleural fistula was anticipated following suture of a 
bionchial stump which showed signs of early necrosis. Both complications re.sponded readily 
to proper therapy indicating that the acute proco.ss had been brought under control as a 
result of lobectomy. 


DISCUSSION’ 

iMinor surgical techniques liave long been ntilized as a siqiplement to the 
medical treatment in the less virulent types of .staphylococcic infection with¬ 
in the lung. The efficacy of clo.sed inferco.stal tube drainage in infant.s who 
develoj) tension pneumothoivix or pyopneumothorax is well knowm. Clinical 
improvement is usually prompt when such drainage is instituted. The early 
development of empimma in the adult requires similar drainage of the pleural 
space before control of the infection is attained. 

Patients who survive staphylococcic infection of the lung, under con¬ 
servative medical treatment, do so only because their individual response to 
the infection includes drainage via the tracheobronchial tree or via the 
pleural cavity. A significant percentage of adults surviving the acute stage 
of the disease require operation to I’cmovc crippling bronchiccta.sis and ex- 
temsive fibro.sis. 

The necessity for drainage of .staphylococcic infections throughout the 
body has not been negated by the development of antimicrobials. Effective 
drainage docs not occur in necrotizing pneumonia for several reasons. Normal 
ciliary reflexes of the bronchial mucosa are lost because of widespread de¬ 
struction in the bronchial wall. The gelatinous necrotic debris that collects 
in the bronchi serves as a mechanical block. The accompanjdng toxemia 
quickly exhausts the patient so that cough is ineffective. A vicious cycle is 
thus developed and tis.sue destruction continues unabated. Tlie impaired 
circulation to the local area prevents antibiotics from reaching the infected 
site. The futility of medical treatment in such a .situation is more apparent 
when it is realized that “in vitro” .sensitivity of the staphjdococcus to .specific 
antibiotics is not proof positive of “in vivo” response. 

The idea of emergency pulmonary re.sec1ion herein proiioscd is new in this 
countiy yet it is not without precedent. Sellors and his colleagues’- reported, 
in 1946, a series of patients suffering with spreading pneumonitis. They noted 
the pi’ospect of cure with conservative measures to be less than 20 per cent. 
In their experience, emergency pulmonary resection resulted in a significant 
salvage not previously obtained. We were not aware of this report prior to 
using emergency resection on the patients reported here. 

The complication rate associated with emergency pulmonary resection in 
acute necrotizing pneumonia, although somewliat higher than that associated 
with resection in advanced bronchiectasis, is of little significance when con¬ 
sidered in relation to the marked reduction in mortality which appears possible. 
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STUDIES OF PULMONARY FUNCTION BEFORE AND AFTER 
PULMONARY SURGERY IN 450 TUBERCULOUS PATIENTS 
1. Vital Capacity and Maximum Breathing Capacity 

Joh/7 K. Curtis, ALD., Helene Bctuer, A.B., Howard K. Rasmussen, B,S., 
and John T. Mendenhall, AID., Madison, IPA. 

P ULMONARY resectioii of residual lesions larger than 1 cm. in size and the re¬ 
moval of persistent cavities have become standard procedures in many 
hospitals for the tuberculous. Evaluation of these operations depends on a 
careful follov-up over a period of years to determiiic the number of relapses 
and to recognize complications which may dcvelo]). Preservation of adequate 
pulmonary function is essential. We have undertaken to investigate changes 
which may take place in the pulmonary function following I’cscctional surgery. 
The present report is concei'ned with the changes in vital capacity and maximum 
breathing capacity following various types of pulmonary resection and clccoitica- 
tion in 450 tuberculous patients. Studies on small groups of patients have 
shown that ventilatory function may be decreased” and intrapulmonary mixing 
altered following resection.-'’’ Long-term studies arc necessary to dot ei mine 
whether or not the overexpanded remaining lung loses significant function. 
Repeated cardiac catheterizations, over a period of years, are requiied to leain 
about the possible changes in hemodynamics resulting from pneeimoneetom^. 


MATERIAI> AND METHODS 


The 450 tuberculous patients who underwent thoracic operations veie 
mostly males. The average age was 37.5 years, range 20 to 69 yeais. s 
patients were ambulatory and in good physical condition at tlie time o t le 
tests. Postoperatively, they received breathing and shoulder exercises, n a 
dition, 40 tabereulous patients who refused surgery oi’ were rejected yv ic 
Surgical Therapy Board were studied at similar periods to determine tie e ec 
of rehabilitation on pulmonary function. In this control group, 8 patients la 
minimal disease, 14 moderately advanced, and IS far-advanced disease. 


From tlie Veterans AJministration Hospital, Maflison. 
cine ind^urgery of the University of Wisconsin Medical School, Madison, Wis. 

Received for pubiication Oct. 20, 1958. 
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All patients leeeuocl pulmonaij function scieening tests 1 to 2 weeks befoie 
resection Those consisted of the \ital capacitj peiformed on a 13 5 L respirom 
etei * Timed iital capacity Mas dctei-mincd bj a method pieiioiisly desoiibed- 
JlaMmum bioathing capacitj" iias done on a 13 5 L rcspiiometer and the 
spiiogiam Mas used to note Mhotliei oi not an tiapping ooeiiiied* Intia- 
piilmonaiy miviiig of gases Mas analjzcd bj oiii modification^ of the single 
bieath test ol Comioe ‘ IVlion indicated, the iiioic complex deteiminations iieie 
made such as functional lesidiial capaciti icsidiial loliime, index of intrapiil 
moiidij mixing,'’ diffusion foi cailioii monoxide bj the single breathholding tech 
niqiics' ' bionchospiiomotn, pulmonaij aitcii piossiiie bi caidiac catlieteriza 
tioii, and blood gas anahscs Included in this stiuh aie all patients mIio iiiidei 
Mciit thoiacic siiigeij Mho Mcie aiailablc in the postopeiatnc peiiod foi le eial- 
iiatioii Jlaximiim inipioicment in Mtal capaciti ma\ be anticipated Mithiii 4 


MILLILITERS LITERS 



2-3 4-5 6-T 8-9 

(3 5) (IT6I (I6T) (4 4 ) 


MONTHS POST-OPERATIVE 

Flfi- 1—Gr-^pli shoA\inff plateau In the |mpro\emcnt of ^^tal capacitj and maximum 
breathing- capacitj foIlo^\lnjT pulmonary resection and decortication after the fifth month Nu 
merals along- the abscissa indicate the months postoperatuelj nhen tests ^\e^e performed 
tho«te numerals In brackets indicate the number of patients tested in each eroup of 2 months 

to G moiitlis folloMing lescction as Mas sliOMii b> Pecoia" m a small gioup of 
patients folloMed up to G months bj sciial deteiminations A fcM patients, 
especiallj iolloMing decoi tieation, maj impioxe their function mer a peiiod 
of a jeai oi moie Out patients, as a gioup. Mere not tested month bj month, 
but infoimation on the time of maximum impioiement in function mav bo 
estimated h\ scattergi ains plotting on the abscissa the numlier of months aftei 
operation mIioii the tests mcic completed and on the oidmate i allies for \ital 
eapacitx and maximum bieathiiig capacity Such scattcigianxs ioi oui fiist 
50 cases shoMcd that a plateau of impioxement Mas leached at the sixth month 
When the aierage changes in xital capacitj and maximum breathing capacitj 
Meie calculated iii ponods of GO dajs each for the eiitiie group, little change 
in function took place aftci the fifth month (Tig 1) 
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T]ie reeonimeiKlation for resection was made by a Surgical Therapy Board. 
The patient’s prolilems were reviewed in detail, together with inspection of 
lepresentative x-ray studies throughout the course of liis disease. Planigi’ams 
and bionchogi ams A\eio helpful in many jiatients. All patients were given 
long-term antimicrobial therapy. Except in the cavitary type of resection, 
maximum clearing and .stability, according to x-ray studies, were attained be¬ 
fore resection was considered. The majority of patients received resection to 
remove residual disease, but some had removal of persistent cavities. A few 
patients who underwent lobectomy received small thoracoplasties or insertion 
of an Ivalon sponge to fill the space when the remaining lung appeared incap¬ 
able of expanding, itlost of the patients who had pneumonectomies received 
large thoracopla.sties or the hemithorax was filled by an Ivalon sponge. 


KRSULTS 

Table I gives the avei’age data for the control gi'oup. The average gain 
in weight between the time of the 2 tests was 4.5 i)Ounds, 31 patients lost a few 
pounds, and 4 showed no change. The average time between the 2 tests was 9 
months. The observed vital capacity, at the time of contemplated surgery, 
was 4 per cent less than the predicted value determined by the regression formula 


T.MiLE 1. Avehaoes Values foii 40 Nonuesected TonEucmnu.s Patients Tested for Vital 
Capacity and MAxiituM Bueatiiing Capacity on Two Occasions, at Time of 
P rioPOSED Thokactc Opeilmton and During Reiiabilit.\tion 



Age 

Interval between tests 

Weight gain 

40 years 

9 months 
4.5 pounds 

Vital Capacity 


4,032 ml. 

3,864 ml. 

168 ml. 

4% 

First observation 

Predicted vital capacity 

Observed vital capacity 

Average loss of vital capacity 

Per cent loss of vital capacity 

(Second observation 

Observed vital capacity 

Average gain since first test 

Per cent gain since first test 

3,90G ml 

42 ml. (S.D. ± 312 ml.) 

1.1% 


Maximum Breathing Capacity 

Fir.st observation Predicted maximum breatliing capacity 

Observed maximum breathing capacity 
Average loss of maximum breathing capacity 
Per cent loss of maximum breathing capacity 


tlS L. 
102 L. 
10 U. 
14% 


Second observation 


Observed ma.ximum breathing capacity n. 

Average gain since first test 5 B. (S.D. + t' B.) 

Per cent gain since first teat__ 5.6% 


of Baldwin.^ The follow-up study showed an increase in vital capacity over the 
observed value of 1.1 per cent (S.D. ± 312 ml.). The maximum breathing 
capacity in the eonti’ol gi’oup was 14 per cent less than the predicted valiie^ 
and the gain between the 2 tests was 5.6 per cent (S.D. ± 17 L). The studies 
on the control group indicate no significant gain in ventilatory function during 
rehabilitation. Furthermore, the data demonstrate good reproducibility of the 
test results after a period of months. 
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Table II gives tlio piilmonaiy function data on the 450 patients who under¬ 
went thoracic surgery. The average interval between the preoperative value 
and the postoperative value was 6 mouths for the entire group. The average 
preoperative values for vital capaeitj- and ma.vimum breathing capaeity show 
a decrease in pulmonary function related to the amount of diseased lung tissue 
as shown on x-ray examination. As might he expected the patients with 
pneumoncetomy, many of whom had a destrojed lung, had the greatest loss 
before operation. Ventilatory function lost as a result of reseetion correlates 
well with the extent of lung tissue removed. Resection of a single segment 
caused no significant loss whereas the patients with bilateral lobectomy and 
pneumonectomy suffered the greatest loss in vital capaeity and maximum 
breathing capacity. Patients who had thoracotomy for decortication but no 
resection of lung tissue, in eontrn.st, had a slight gain in function. 

COIIMENTS 

The results of these studies correspond well with those previously re¬ 
ported.®"** In general, segmental resection for localized disease causes little 
loss of function. Even lobectomy docs not cause sufficient loss to be significant 
in most patients. Bilateral resection usually is done for more extensive involve¬ 
ment and hence there is a larger original lo.ss ns well ns postoperative decrease 
in function. Pneumonectomy may cause a large loss of vital capacity and max¬ 
imum breathing capacity except in the case of removal of destroyed lung. 

In our series of 43 pneumonectomies, 29 patients had resection for scattered 
disease throughout one lung as demonstrated b.v roentgen examination and, in 
the ma,iority, bronehospii'omotry confirmed the presence of significant function¬ 
ing lung tissue. In this group the average loss of vital capacity was 37.5 per 
cent and loss of maximum breathing capacity 28.C per cent. Fourteen patients 
had gros.sl.v destroyed lungs with ti postpncumoncctom.v loss of vital capacity 
of 14.8 per cent and maximum breathing capacity of 11 per cent. Occasional 
large losses of function in patients having segmental resections and lobectomy 
resulted from complications such as hemothorax requiring drainage or re-opening 
the chest, extensive adhesions of the diaphragm, or inadvertent paralysis of 
the diaphragm. 

Several articles have appeared in which the loss of function was appraised 
in relation to the number of segments removed for tuberculosis.®' **’ ** The 
numhers reported are small and seem to include lobectomies and even pneu¬ 
monectomies. The results reported therefore have questionable significance so 
far as segmental operations are concerned. Several investigators report good 
correlation of vital capaeity with number of segments removed, but failed to 
find a positive correlation with maximum breathing capaeitj'*®' *® An evalua¬ 
tion of segmental operations according to the number of segments resected was 
therefore undertaken. AVe reviewed our material of 242 segmental resections 
(Fig. 2). This series includes 189 unilateral segmental resections and 53 bilateral 
segmental operations. Slany of the patients had adjacent subsegments removed 
at the time of operation and some had considerable residual disease remaining 
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.liter caiit.ivy icseetion. Wlicu se"inents and segments plus subsegments weie 
tubulated, the trend remained the same, namely tlie moie tissue remoied the 
grcatei tlio loss oC function. 

A number of invcstigatois liaie icpoitcd a •‘thoiacotomy effect” iihich may 
be defined as permanent loss of ])ulmonan \cntdatory function as a result of 
opening tlie elicst Mitliout removal of significant functioning lung.i” 



MAXIMUM BREATHING CAPACITY 



[3 PSEOPERATIVE MEAN □ POSTOPERATIVE MEAN 

big —B ir graphs showing coirelitfon between number of pulmonarj stginents r(.tno\cl 
and loss of \ltal capiciti md maximum bieathing capacit\ 

This concept seems someiiliat iinphysiologic There should be no tlieoictical 
loss resulting fioni opening the pleiua, provided no ribs aie removed and no 
complications ensue The applie.atiou of fliis tlieorj' in resection of pulmonary 
tuberculosis is difiiciilt to appraise because most patients lose function Hoii- 
ever, in the large group of segmental icseetions the mean loss of function is 
Tory slight (vital capaciti’—6 3 per cent, masiimiin breathing capacity—1.4 
per cent) There aie a number of patients, particularly in the segmental group, 
Tvhoso function was inipioved Table in lists our patients in whom improve¬ 
ment oeouned after piilmonaiy resection If “thoracotomy effect” vas indeed 
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present in these cases it is lost in the improvement noted. We suggest that 
“thoracotomy effect” be subjected to more critical tests before the concept 
is accepted. 


Table III. Pulmonahy Function Data on Patients Who Gained Function Durinc the 

Postoperative Period 


type op OPERATION 

1 

1 VITAI. CAPACITY 

MAXIMU.M BREATHING 
CAPACITY 

NU.MBER OP j 
PATIENTS 1 

1 AVERAGE 

GAIN , 

1 (ml.) 1 

number of 

PATIENTS 

1 AVERAGE 

GAIN 

1 (LITERS) 

Segmental 

47 

250 

82 

16.3 

Lobectomy 

26 

109 

35 

8.6 

Bilateral segmental 

4 

226 

7 

6.7 

Bilateral lobectomy and segmental 

2 

197 

o 

15.5 

Bilateral lobectomy 



2 

6.5 

Pneumonectomy 

2 

82 

5 

12 


SUMMARY 


P''our hundred and fifty tuberculous patients received preoperative and 
postoperative pulmonary function tc.sts. The average interval between tests 
was 6 months. Excellent correlation betivcen the extent of disease and the loss 
in vital capacity and maximum breathing capacity is demonstrated. Likewise, 
the amount of lung tissue removed and the loss of ventilatory function correlate 
well. When the data for segmental resections arc subjected to analysis the 
vital capacity and maximum breathing capacity lost vary directly with the 
number of segments removed. The mean decrease in vital capacity and maxi¬ 
mum breathing eapacit.y is so slight in the segmental group of 189 patients that 
doubt is cast on the validity of tlie concept of significant loss of pulmonaiy 
function due to “thoracotomv effect.” 
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THE EFFECT OF BILATERAL PULMONARY RESECTION ON 
TOTAL OXYGEN UPTAKE AND TOTAL PULMONARY 
HEMODYNAMICS IN THE DOG 

Michael T. Lategola, Pb.D., Walter Massiou, M.D.. and 
John A. Schilling, M.D., Oklahoma City, Okla. 

A n earlier study’- has defined the effects of sudden pulinonavy arterial 
blockage (10 to 85 per cent) on pulmonary hemodynamics and gas ex¬ 
change. The results of this work may be used as a basis for comparison to 
dogs with varying degrees of pulmonary resection. 

Earlier observations- demonstrated that dogs manifested a good altitude 
tolerance and work capacity following a two-stage, bilateral i-emoval of 56.5 
per ceirt of their original whole lung weight. Furthei- removal of lung tissue 
caused serious pulmonary eriirpling. It was also noted that the dogs mani¬ 
fested elevated right ventricular and pulmonaiy arterial pressui’es (PAP) 
and decreased static compliance. Postmorien examination indicated right 
ventricular hypertrophy and pulmonaiy fibrosis. These general observations 
suggested that a more complete evaluation of adaptive mechanisms was neces¬ 
sary to understand the effects of pulmonary resection and its clinical limits. 
This report is the first of a series to be presented on these adaptive mechanisms. 

JIATERIALS AND METHODS 

Two-Stage Resection Secpience Employed .—The symbols and nomenclature 
used throughout this report to designate lung lobes arc those of Rahn and his 
co-workers.^ The first-stage resection consisted of the surgical removal of the 
medial, diaphragmatic, and mediastinal lobes (lobes BCM) of the right lung. 
Based on the per cent relative lobar rveights of Rahn and associates,® these 
lobes constituted 70.6 per cent of the original right lung weight, and 41.1 per¬ 
cent of the original total lung weight. 

The second-stage resection consisted of the sirrgical removal of the apical 
and the medial lobes (lobes DE) of the left lung. These lobes constituted 36.9 
irer cent of the original left lung weight, and 15.4 per cent of the original total 
lung weight. The total quantity of lung tissue resected in both stages was 
56.5 per cent of the original total lung weight. 

From the Departments of Physiologry. Anesthe.sia. and Surgery of the University of 
Oltlahoma Medical Center, Oklahoma City. Okla. 

This work was supported by the School of Aviation Medicine, Randolph Field, Texas 
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Time Sequence and Methods —^Bight dogs weighing appioximately 20 Kg 
wcie .inesthctized AMth Nemliutnl (30 mg /Kg bod\ weight), placed in a supine 
position and tiaehealh intubated uith a laigo bore, single lumen, cuffed poly 
ethjlene tube Poi the measuiemoiits of pulinonaij aiteiy piessiire (PAP), 
a “self guiding,” flexible cathetoi uas placed m the main piilmonaij aiteij 
(PA), utilizing a technique described clscHheie^ The PAP was measuied 
while the dog was bieathiiig loom air onli 

The fiist stage lesection was perfoimcd appioximatelj 10 days following 
suitable pieopciatne coiitiol nicssinemtnts of total o\ 3 gen uptake (Vo» i) 
iiid PAP Postopeiatiie measuicments of Vo a wcit made on the tenth, 
twentieth, and tliiitj fifth dajs and the PAP was measui ed on the thiitj fifth 
das onh The second stage icseetion was peitormed on the foitieth dai fol 
lowing the fiist lescetion Following the second lesection, measuieiiieiits of 
Vo T weic obtained on the tenth foitieth and eigthtieth dajs and the PAP 
was again measuicd on the eightieth daj oiilj 

RFSUL.TS \ND DISCUSSION 

Table I siimmsii/cs the d.ita obtained foi botli of the posticsection po 
nods The Vo, t "as not significantlj alteicd following both lesections The 
PAP measuicments howeiei indicated signihcint eleiatioiis following both 
lesections The PAP was olciatcd 182 pci cent following the fiist stage le 
moial of 411 pci cent of the whole lung The second stage lemoial of 15 4 
pel cent nioic of the whole lung esused a fuithei eleiation of 90 2 pei cent 

It has been icpoitcd' that, in acute blockage of 60 pei cent of the pul 
monaij casoulai bed in supine anesthetized dogs the Vo, i, aitenocenoiis 
oxygon diffeionce ([A V] 0 ) and caidiac output oi total piilmonarj blood 
flow (Q T) manifested oiilj slight, insignificant changes Puithei, if the 
(A V)0, lemains unchanged in any pulmonaiy aiteiial occlusion up to 60 pei 
cent, the change in blood flow max be calculated fi oni the change in Vo, alone 
The animals xvere bieathiiig 100 per cent oxjgen dining the xvholc occlusion 
expel imeiit 

Ill a piilmonaij' icsoction of 60 pei cent oi less, it may be assumed that 
the (AV)Oo lemains unchanged when the Vo, is ineasiiied dining 100 pei 
cent oxj'gen bieathiiig As in the occlusion study, the change in blood flow 
should be piopoitional to the change in Vo, The total amount of lung tissue 
leseeted was 50 5 pei cent of the xvhole lung If the assumption of (A V)0- 
coiistancj is utilized, then the changes in Vo t, as shown in Table I, also 
lefleet the changes in QT The obscixed Q T is only slightlj and iiisig 
nificantly altered bj 50 5 per cent lesection of the whole lung Bilateial 
changes in Q oceui, but these changes aie not assessable with the data pie 
seated lieie Studies to evaluate bilateial Q changes aie cuiientlx undci wax 
Since the total oxxgen uptakes measuied in these cxpeiimeiits weie obtained 
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Table I 


1 


PEIt CENT OP CONTROL VAl.UE 

j 

1 

PREOP. CO.XTROL 

lOrn DAY 

I‘.0. 

20rji day 

P.O. 

3oT]I day 

P.O. 

Voj-T 


First Itrscction 



108 ± 10 
ml./min. 
STPD 

107.0 + 5.4 

P = 20.5% 

N = 8 

104.0 ± 5.7 

P = 51.5% 
N = 8 

109.5 ± 4.5 

P = 7.9% 

N = S 

PAP 

15.0 ± 0.7 
cm. ILO 



118.2 ± 5.9 

P = 2.7% 

N = 6 

K-T 

100% of 
control 



126.3 ± 9.0 

P = 1.5% 

N = 6 

! 


IOtii day 

40tii day 

SOril DAY 

1 


P.O. 

P.O. 

P.O. 



Second Jtcscction 



t 0,-T 

108 ± 10 
inl./min. 
STPI) 

I00..0 ± 2.8 

P = 70.5% 

N = 5 

08.8 ± 3.6 

P = 76.3% 

N = 4 

99.4 ± 5.4 

P = 91.9% 

N = 4 

PAP 

15.5 ±0.7 
ora. ILO 



208.4 + 13.2 

P = 0.9% 

N = 3 

R-T 

100% of 
control 



271.6 + 8.6 

P = 0.4% 

N = 3 


Legend: P.O. = postoperative; P = probabiiity value (<5.09J inilicates statistical 
significancej ; N = number of data. 


under anestliesia, tlioy represent estimates of resting stage values. A priori, 
one should expect decreases in the maximal Vo.,-t and Q-T. These tu'o param¬ 
eters afford a measure of the changes in reserve caixacily available to the ani¬ 
mal in the postresection state. The maximal Voo-t and/or Q-T immediately 
following the reseetion.s should drop proportionally to the amount of lung 
removed. Any adaptive increase in these two parameters, consequent to the 
resections, must be due to vasodilatation and/or recapillarization of the remain¬ 
ing lung tissue. There is some evidence to support the idea that the latter type 
of compensation may occur. 

Although there Avere only slight, insignificant changes in Q-T following 
both resection stages, the concomitant PAP elevations indicate that changes in 
total Avascular resistance (R-T) liaAm occurred. The E-T of the pulmonary 
vascular bed may be calculated from the folloAving mathematical expression; 

■R m _ AP PAP-PVP 

Q-t ~ Q-t 

AVhere; AP = “the pressure head" of the system, 
and PVP = mean pulmonary venous pressure. 

In the above expression, if it is assumed that Q-T remains unchanged fol- 
loAving resection, then the change in R-T becomes proportional to the change in 
AP. Borst and his associates® have reported that, in anesthetized, thoracot- 
omized dogs, AAdiole Q-T Avas held constant by a perfusion pump, a serotonin in¬ 
jection into the right PA produced a fall in Q-RT, a rise in Q-LT and a large 
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use in PAP bnt onl-\ a small, insignificant nse in PVP Stioucl and Ralm' 
liaie lepoitcd tliat Inpoxiealh induced PAP incioasos in flic dog iieio accoin 
pained bj oiih slight, insignificant changes in PA'T and Q T The ina\iinum 
aveiagc nicicaso in PAP due to S pel cent inspiicd oxigoii (as eonipaied to 
loom an) iias fiom 17 5 to 2G 3 cm II»0 oi tqimalcntly, 150 pei cent of the con 
tiol sallies The asciage PVP befoic and dining 8 poi cent o\ 3 gen bioatlnng 
was apinOMiiiatelj' 4 5 em IPO In these icscction evperimonts, if it is assumed 
that Q-T and PVP lemain unelianged ami that the PVP has a lalue of 4 5 cm 
II-O, then It IS possible to ealculatc the aeeiage changes in R T following both 
lesections These ealeulateel data aic found in Table I Both iiicieases aie 
significant at the 5 0 pei cent Iciel of piohabilite These lesults paiallel the 
pienouslj mentioned PAP data, that is, \ehei<as the RT mcieascd 2G 3 pci 
cent as a icsult of the icmoeal of 41 1 pci cent of the leliole lung, the rcmoeal 
of onh 15 0 pel cent moie of the whole lung eaiised a fuithei dispiopoitionate 
mcieasc of 145 3 pci cent 

The piessiiie/flow eune icpoilcd by Lafegola" foi passnelj induced, in 
ei eased pulmonaii Q in the supine, ancsthcti-ied dog indicates that an acute 
pulmonari aitciial occlusion, cquiialent to the lemoeal of 411 pei cent of the 
whole lung, pioduces a PAP incicasc of appio\imatelj 33 pei cent Since the 
PAP, 35 dais following the fiist lescction, was eleiatcd onh IS 2 pei cent, some 
homodmamie adaptation oecuiied It was lijpothesized tliat the PAP diffei 
cnee between the <iouto blockage and icsection of 411 pei cent of the whole lung 
indicated a substantial dcgicc of new iccapillaiization oi capillarj' opening in 
the light apical lobe Fiom othei gioss obsciiations' of substantial weight and 
sue ineieases in this lobe, we feel that its lascular resistance was imtialh in 
cieascd due to eapillaij stiotching aecompanjing its size increase and that 
consequent to this oceuiieiiec, new eapillaiics were adaptive!} foimed oi opened 

Following the second icscction The PAP and RT increases aie gieatei 
than those of both the tlieoietical picdictions and the aeiite pulmonar} aiteiial 
blockage of the same degiee This anahsis, coupled with the gioss obscivatioiis 
of minimal weight and size ineieases" of the left lowei lobe following the second 
leseetion, suggests that little adaptiie change takes place in this lobe Since this 
does not seem to occui in the left lowci lobe, lobai adaptation to resoetion ma\ 
not Old}’ depend on the degree of icsection and lomainiiig lobai masses imohed, 
but also on the uiitial position of the paiticiilar lobe in the thoiax An imes 
tigation of this phenomenon is ciiiiently in piogiess 

SU1IM VRY 

The Vo. T and QT aic only slight!} and insignificantl} altered following 
56 5 pel cent bilateral resection of the whole lung The PAP and R T aie in 
cieased folloiving both lesections but dispiopoitionally mcieascd followang the 
second resection 
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SCALENE NODE, PARIETAL PLEURA, AND LUNG BIOPSY 
IN THE DIAGNOSIS OF INTRATHORACIC DISEASE 


John IK Snnih, yll D ,* Han) G Paison^ /VI D ** and 
Albeit C Daniels, yll D ,*** IK eimai Calif 

T in MOKiiinm of o\ploiatoi\ flioiaeotonn m the fliasnosis of pulmonari 
disease mat often be atoided In the piduums use ot sealene node hiopst, 
pleuial biopst, and/oi luiifi biopst 

S( M l \r NODE niopsi 

Since the technique was fiist dcseiibcd bt Daniels’" in 1049, theie hate been 
inanj lepoits eoiifiiming its usefulness’ ■ ' <■ « ■> >- n 'a "i "s ’o is sr n n <4 
Pathologic diagnoses hate liecii made in saieoidosis, caicinoma of the lung, 
tuberculosis, ljm])hoinas, metastatic caicinoina, silicosis and histoplasmosis 
IlaiKeii and his associates” dcmonstiated that the incidence of positite find 
mgs, especially m caicinoina of the lung, was gieatlj incieased when the dis 
section was caiiicd as fai into the mediastinum as jiossiblc He stiessed 
Routieie’s'’’' concept of the Ijmphatic diainage of the lung The lymphatic 
diainage of the lotvei pait of the Itlt and the entiie light lung is to the light 
scalene Ijmph nodes Left upper lobe lesions diam to the left scalene area, mid 
lung 01 hilar lesions on the kft maj diaiii to eithoi side The fiecpiency of 
positiie node biopsy has vaiied fiom G” to GG pei cent’ Of a total of 1,311 
cases,’ “ ” 1 " ” n> 21 s” 37 41 43 44 jj positne diagnosis was obtained in 391, 
01 34 pel cent In these ie])oits, the best yield has usually been in o<ases of 
saieoidosis and in the vaiioiis Ivmphonias Iloweaei, the technique has been 
used extensnely to deteiimne opci ability in inalignancics of the lung and 
mediastinum An es.cellent icaievv of the anatomj of the piesealene legion'" 
appealed m 1956 

Technique Scalene Node Biopsy —Selection of side foi biopsa is done fol 
lowing the concepts of the lymphatic diainage of the lung " The light side 
IS chosen foi lesions of the light lung and the left lowei lobe The left side 
IS biopsied foi lesions of the left upper lobe The patient iccenes picopeiatne 
medication as foi any proceduie nndei local anesthesia 

From Weimar Chest Center avcimar Calif 
Received for publication Sept 11 19oS 
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A pillow is placed beiioatli tixe shoulders (elevating the shoulder on the 
side to be operated) and the head is turned away from that side. A local 
anesthetic is infiltrated into the line of proposed incision and the tissues be¬ 
neath. A 5 to 7 cm. incision is made parallel to the xxpper border of the 
clavicle and aboxit 2 cm. above it, being centered over the lateral border of the 
sternocleidomastoid. The plat.ysma is divided in the same line and reflected 
off the superficial layer of the deep cervical fascia for a short distance xipward 



Pis'. X.—Scalene N’oeie Kiopsy. IncNion tliioPKli .skin and platysma lias been matlc re¬ 
vealing- the superhcial layer of tlie deep cervical fa-scia with tlie underlying scalene fat pad 
in the area bounded by clavicle, omohyoid, and stci nonia.stoid. 


and doxvnward (Fig. 1). The latei-al border of the sterxiocleidomastoid is 
then mobilized and retracted medially, xtdiich brings the internal jugular vein 
into view. The posterior belly of the omohyoid is mobilized from the uixder- 
lying fat pad, and the fat pad with its contained lymph nodes is dissected from 
the scalene muscle (Pig. 2, A), carefully preserving the phrenic neiwe in the 
fascia of the muscle (Pig. 2, B). The ti’ansverse cervical artery and vein pass 
through this fat pad aixd may be divided and ligated if ixeeessary. The lower 
limit of the dissection is behixxd the sxxbclaviaxi vessels, being careful to pre¬ 
serve the thoracic duct (oix the left side) or the right lymphatic duet. A fixxger 
may then be used to explore the upper part of the mediastinum along the 
great vessels. The wound is closed in layei's. 

It is important to dissect cai'efully the specimen in a stei’ile manner. All 
lymph nodes found should be divided in half; oxxe part to be sent to the pa¬ 
thologist, the other to the bacteriology laboratoiy for culture. We have had 
the nodes cultured routinely for Mycobacterium tuberculosis. Fungal cultures 
are ordered wheix desired. 

Scalene node biopsy has been peiToi-med on 50 Weimar Chest Center 
patients since January, 1950, 2 haxdixg bilateral biopsies. Their ages ranged 
from 7 to 84 years. There were 19 positive diagnoses obtained, or 38 per cent. 
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Most common diagnoses (Table I) neie metastatic caicinoma of the lung, 
tubeiculosis, saieoidosis, and metastatic tumoi fiom sites other than the lung 
Of the 9 cases of pioied eaicinom.i of the lung, 2 had been diagnosed by 
bionchoscopic biopsy, and the bcalcnc nodes iveie taken foi evidence of opeia- 
bility Foul cases weic inoved by the scab no node examination alone The 
4 patients with negathe sealone nod(s wtie subjected to thoiacotomy, only 
one was opeiablo 



I B 

Fie >—Scalene I^odc Ciops> A, The fat pad \ Itli its contained l>mph nodes has been 
freed from the Jugular \eln 

B, With the fat pad removed the Jugular and feubclavian veins the clavicle and the 
anterior scalene muscle vvitli tlic accompanying phrenic nerve, are seen Tlie transverse ccnl 
cal arterj and vein and tho thoricic duct arc not ‘ihonn 


Table I Scalene Node Biopst 


DIAGNOSES 1 

TOTAL CASES 

1 NUMBER POSITIVE 

jPER CENT POSITIVE 

Carcinoma of lung 

Proved cases 

9 

J 

50 

Suspected cases 

4 

0 

0 

Tuberculosis 

13 

4 

31 

Tuberculosis and silicosis 

1 

1 


Silicosis 

2 

0 

0 

Sarcoidosis 


o 


LvTaphoma 

2 

2 


Metastatic carcinoma, primary un 

knowTi 

3 

3 



14 

2 

14 





Totals 

50 

19 

38 

Other 

Carcinoma of esophagus 

2 

1 


Caremoma of rectum. 

1 

1 


Multifocal interstitial fibrosis of 

lung 

1 

U 


Idiopathic pulmonary hemosiderosis 

1 

0 


Multiple pulmonary abscess 

1 

U 


Histiocytosis 

1 

0 


Bronchiectasis 

1 

U 


Heart failure with pulmonary con 

gestion 

1 

V 


Undiagnosed pulmonary disease 

5 
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PLEURAL BIOP.SY 

Three methods of pleural biops}'’ have been discussed in the medical 
literature: biopsy with thoracoseopj’-,-’ needle biopsy, using a Silverman 
needless- ”• is ^nd biopsy with direct visualization, whether by a small m- 
eision,-’ or at open tlioracotom 3 L^^’ The method involving thoracoscopy 

never proved popular. Those who have done both needle and open biopsies^ 
have abandoned use of the needle because thej*' feel the specimen obtained at 
open biopsj* is so far superior and the technique no more difficult. The authors 
who ad'vocate needle biopsj'' report adequate tissue for diagnosis in 45 per cent^® 
and 73 per cent.^® The latter gi’oup did open biops}' where possible when inade¬ 
quate tissue was obtained or when they got a report of '‘non-specific pleu- 
I’itis.” These additional biopsies Avere productiAm of 5 cases of granulomatous 
pleuritis and 2 of malignancj’’ in the group of 10 eases. Contrasted Avith this 
uncertain situation is the fact that the ti.ssue obtained at open biopsj^ can be 
selected under direct Adsion from an obAdouslj’^ diseased area. There is no 
reason for inadequate material. 

Technique: Pleural Biopsy. —Tlie area for biops.v is determined bj' exami¬ 
nation of the chest roentgenogram. The patient is positioned to make this 
area accessible. He is given preoperatiA-e sedation and, Avlien lie enters the 
operating room, he is made familiar Avith the anesthetist’s ma.sk and the sen¬ 
sation of breathing against positive pressixre. Intercostal nerve blocks are 
placed to anesthetize the area selected. A local anesthetic agent is infiltrated 
into the skin and subcutaneous tissues in the line of proposed incision. The 
incision, usuallj’' 7 to 10 cm. long, is carried doAvn to the rib. The periosteum 
is then reflected, the rib elevated, and the pleura beneath it exposed. An area 
of pleura is then easil^^ remoA’cd (Fig. 3). If a free pleural space is present, 
this AAdll cause immediate pneumothorax Avhich can be controlled b.v positive 
pressure breathing. If the biopsy is done in the loAver part of the chest, the 
diaphragmatic pleura can often be biopsied also. One should be careful to 
select a representative area, such as an)’" thickened or obA-iOAislj'^ abnormal sec¬ 
tion of the parietal pleura. A large I'ubber catheter is brought out through a 
stab AAmund in an adjacent interspace and connected to Avater-seal drainage. 
The wound is closed in layers. A small part of each area of pleura is sent for 
culture for M. tuberculosis. The remainder of the specimen is sent to the pa¬ 
thologist. The catheter is remoA'ed after 24 hours, unless there is some indication 
for continued drainage. 

TAvent 3 ’'-fi.ve cases of pleui’al biopsj”^ haA'c been done at lYeimar Chest Center 
since 1950. In only one had M. tuberculosis been isolated from the pleural fluid: 
the biopsy Avas done after a year of therapy in this patient. In all remaining 
cases, acid-fast bacilli had not been found in pleural fluid, sputum, or gastric 
contents previous to biopsy. Many of these patients had no fluid present at 
the time they reached our hospital. In 5 of the cases tuberculosis Avas later 
demonstrated by sputum cultures. Of the 25 patients, 17 had a histologic diag¬ 
nosis of tuberculous pleuritis, and in 10 of these, acid-fast bacilli greAv on cul¬ 
ture of the pleural tissue. Tavo more patients Avere found to have chronic 
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pleiuitis suspicious of tubeiculosis ivith negative cultuics Nontubeieulous 
pleuvitis ami noimal pleura -were found in 3 cases, and a large cell carcinoma 
metastatic to pleura in one. One of the patients diagnosed as having sub¬ 
acute jileuritis continued to form plenial fluid, and a later thoracentesis was 
productive of aeid-fast bacilli on eultuic This was the only false negative 
in our seiics. The remaining 5 patients weie spaied the long peiiod of hos¬ 
pitalization and treatment which ivould lx necessaiy for a diagnosis of “idio¬ 
pathic pleural effusion, presumably tubeiculosis ” 



Fig- J —Biop«iA of Parietal Pi<uia With the nb be«l exposed, a segment of the puletal 

pleur i IS excised 


Table II. PleupuMj Biopsy 


DIAGNOSIS 1 

CASES 

1 PER CENT 

Tuberculous pleuntis 

17 

68 

Clironic pleuntis suspicious of tuberculosis 

2 

S 

Subacute or chronic pleuntis (nontuberculous) 

4 

16 

Large cell carcinoma, metastatic to pleura 

1 

4 

Normal pleura 

1 

4 

Totil 

25 



LUNG BIOPS\ 

Biopsy of pulmonary tissue has been an accepted piocedurc for some time 
wlien coiisidcied in the sense of esploiatoiy tlioiacotomy with biopsy, espe¬ 
cially for isolated pulmonary nodules. The moie diffuse pulmonaiy lesions 
have not icoeiicd tills kind of attention until iccentiy In 1949, Klassen, 
Anlyan, and Curtis”'* leported on a new teehniipie of limited thoracotomy 
thiough a shoit inteicostal incision wdth biopsy of tlie peiiphcral lung whicli 
picsented itself They reported G cases including saieoidosis, tiihorculosis, 
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and metastatic malignancy. Since tliat time, pulmonary bcryllosis, silicosis, 
asbcstosis, anlhiacosis, interstitial fibrosing pneumonitis, pulmonary fibi’osis, 
emphysema, atelectasis, chronic pneumonitis, and clironic 2 )assive congestion 
have also been found on examination of material taken by limited lung 
biopsy.^' - Ilamman-Rich syndrome, pulmonary telangiectasia, 

and eosinophilic granuloma, as well as some of the conditions listed above, have 
been reported as diagnosed by biop.sy at standard, open thoracotomy.'^’ ■>= 

Perhaps some saving in patient comfort could have been made if in these eases 
there had been only the limited form of biopsy. Needle biopsy of the 
lung®’ is best reserved for patients who have incurable peripheral pul¬ 

monary malignanej' in whom a tissue diagnosis is desiT’cd before starting 
palliative treatment. 



Fig. 4.—Biopsy of Lung The pleura has been opened and one margin of an adjacent lobe 
containing palpable disease is selected for a uedge resection 


Technique: Lung Biopsy .—Site of biop.s 3 ' is again based on the chest roent¬ 
genogram. In most cases of diffuse pulmonary infiltration, a biopsy from the 
margin of the middle lobe or lingula would include representathm tissue; 
therefore, the most common site of biopsy is the fifth rib anteriorly, on either 
side. The patient is sedated and placed to make the operative site accessible. 
The anesthetist helps the patient become accustomed to positive pressure 
breathing via the face mask. Intercostal blocks are placed and the skin in¬ 
filtrated Avith anesthetic. The rib bed is exposed in exactly the same manner 
as in pleural biopsy, and the pleura opened. It is usually not necessary to 
resect any part of the rib, but this may be done if desired to facilitate exposure. 
A limited exploration can be carried out to select an area for biopsy. Pneu¬ 
mothorax is controlled by positive pressure. A representative wedge-shaped 
area is excised using crushing clamps (Fig. 4), and the lung is closed by a 
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continuous matliess sutme oieiscun a continuous look stiteh using ab 
soibable sutuic A ontlietei is left in the pleiiial spice tliiough a stab iioiiiiil 
and the uouiid closed in laieis A poitioii of the spcoiraen maj lie submitted 
foi cultuie and the leinaindci fixed toi histologic examination If pioof of 
pneumoconiosis is dosiied, pait of the spmmeii can be sent foi the desned 
analysis The eathetei is eoiinected to mtci seal drainage, and maj be re 
nioied in 24 liouis if no an leak oi Iibidnig is piesent 

Tlioic liaie been 9 eases of lung biops\ (in the limited sense used lieie) at 
AVennar Chest Centei since 1952 Thcsi wtu patients in uliom diagnosis uas 
not otlieinise established Diseases loiind in this senes aie listed in Tahle III 
Studj at autopsj’ on the ease listed as ‘atdietasis uith cliioiiic pneumonitis” 
latci leiealed a diagnosis of idiopithic iiiilmonaij hemosideiosis Special 
stains had not been made on tlie biopsi speeimcn and, in retiospect, it is felt 
that the diagnosis eould haie been made fiom the biopsj mateiial The case 
of gianiiloina of the lung uas not eiiltuied 


lABIF III Liso BiorsY 


PTArSOSIS 

1 CASES 


Tuberculosis 

3 


Grnnulorm. (nonspecific’) of lung 

1 


Sarcoidosis 

1 


^mplfistic carcinoma, origin unKnoun 

1 


Hi«!tiocjtosis 

1 


Atelectasis uith chronic pneiimomtis 

1 


Vesicular cmpli\«ema 

1 



DISCUSSION 

Scalene node biopsy is most useful in cases of sai coidosis h m])lioma, and 
nialignancy in the lung and mediastinum, uhetliei piiinaii oi secoiidaij It 
IS of pniticular lalue in dcteimiuatioii of opeiabilitj in caitinoma of the lung, 
since eMdence of met.astasis to the scalene nodes makes lesection foi cuie im 
possible Other diseases ivill also shoiv cMdenee of nuolvement of these 
nodes tubei culosis, silicosis, histoplasmosis, and othei malignancies As is 
tiue of othei biopsi techniques a negatnc lepoit does not exclude anj dis 
ease AYe include anthiacosis, hjpeiplasia, and lympliadenitis undei the term 
‘ negatne ” 

Pleuial biopsy is indicated uhen theie is cMdence of eilusion oi plemal 
thickening on x lay studj mthout proved etiology This method has also been 
advocated to save time, in that a liLstologic diagnosis may be obtained in a 
day or two as eompaied with 6 weeks foi cultuie of tiiheieiilosis In joiingei 
age groups, the most common diagnosis vvill be tuheiculous pleiiiitis, while 
malignancy vnll be moie frequent in older pcisons 

Lung biopsy is indicated in diffuse, iisiiallj bilateral, pulmonary infiltra 
tions in which other methods have not yielded a positive diagnosis Sarcoido 
SIS, pulmonary fibrosis, pneumoconiosis, and ceitain types of tuberculosis and 
metastatic malignancy, the diseases most commonly found by this method, ai e 
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not aineiiable to surgical treatment and there is no need for thoracotomy of 
the classic type for definitive treatment of the disease. The medical manage¬ 
ment vai-ies in each of these conditions. Hence the importance of a correct 
diagno.sis.^ Unfortunately, some of the specimens -will not he diagnostic of a 
specific disease process, biit will be reported as chronic pneumonia, chronic 
gianuloma, and pulmonary fiI)i‘osi.s. These entities are poorly understood. 
Tlie clinician must always keep in mind the pos.sibility of multiple disease proc¬ 
esses. The diagnosis of tul)erculosis, for example, does not exclude a car¬ 
cinoma of the lung in the same patient. 

The addition of these three diagno.stic techniques should J'educe further 
the numl)er of cases bearing the word “suspected” on the final diagnosis. 

SU.MJrARY 

xVn accurate diagnosis can often be made in ]mlmonary diseases by use of 
one or more techniques of biopsy which may spare the patient the morbidity, 
time, and expense associated with thoracotomy. 

These techniques, in addition to the well-known laboi-atory, x-ray, and 
endoscopic procedures, include liiopsy of the scalene lymph nodes, of the 
parietal pleura, and of the peripheral parts of the lung tissue itself. 

Fifty eases of scalene node biopsy are reported with positive results in 38 
per cent on histologic study. This procedure is mo.st useful in diagnosis of 
sarcoidosis, lymphoma, and metastatic malignancy. It is of particular use in 
determination of operability in carcinoma of the lung. 

Twenty-five eases of pleural biopsy are reported, with tuberculous pleu- 
ritis as the most common finding. One .study gave a false “negative” report, 
.since the patient was later proved to have tuberculous pleural effusion. This 
technique is of pai’ticular value in the ca.se of “idiopathic pleural effusion” or 
thickened pleura. It will often shorten the time i-equired to make a diagnosis 
even thoitgh such diagnosis could ])e made by other, slower means. 

Nine eases of lung l)iop.sy through a limited incision are reported. This 
technique is of value in cases of diffuse pulmonaiy infiltrations in which an 
accurate diagnosis cannot be made by other means. These diseases are medical 
in nature and do not require definitive surgical treatment at the time of l)iop.sy. 
Therefore, a large thoracotomy incision is not required. Another indication 
for lung biopsy is the suspected presence of a compensable disease. 

KEFEBENCES 

1 Andrews, N. C., and Klassen, K. P.: Eight Years’ Experience With Pulmonarj- Biopsy, 

.7. A. M. A. 164; 1061-1069, 1957. 

2. Breckler, I. A., Hensler, N. M., Hill, H. E,, Hoffman, jM. C., and Hukill, P. B.: ^Biopsy 

Technics in the Diagnosis of Intrathoracic Disease, Ann. Int. Med. 46: 706-719, 

3. Brecklen'i. A., Hoffman, M. C., Hill, H. E., Hen.sler, N. M., and Hukill, P. B.: Pleural 

Biopsj^, New England J. Sted. 255: 690-694, 1956. 

4 Carstensen B., Norvitt, L., and Odelberg, A.: Experiences With Retroclavian I.,ymph 

Node ’Biopsy in the Diagnosis of Certain Intrathoracic Diseases, Dis. Chest 25: 

443-447, 1954. 



\oltime 
Number 5 


BIOPSY IN DIAGNOSIS OP INI RATH ORACIC DISEASE 


619 


5 Close, H P Lung Biopsy for the Diagnosis of Disseminated Pulmomrv Diseases, 
Am T Surg 89 1G6 1G9, 1055 

G Connnr, R G Prescalonc ami Deep CerMeal Ljmph Node Biops), Surg, Gjnec 
Obst 101 7S3 743, 1955 

7 Coolej, D A, and JIcNainara, D G Pulmnnur^ Telangiectasia Report of a Ca'ie 
Pro\edbj Pulmonary Biops 3 ,J Tiior\ci< St po 27 614 022,1054 
S Correll, N, and Langston, II T The Diagnosis of Pulmonary Lesions Illinois J 
109 117 119,1050 

0 Cu}kendall, II Use of Presealent L\mfh Node Biopsy in Absence of Palpable 
Supracliu icular Nodes, J A M A 155 *41 742 1054 

10 Daniels, AC* A Method of Biopsi T > tul in Diagnosing Certain Intratlioracic 

Diseases, Dis Chest 16 360 367, 1049 

11 DcPrancis, N, Kiosk, E, and Albano, E \oedlt. Biopsj of the Pleura New England 

.1 Med 252 048 049, 1055 

12 Dclarue, N C An E\aluation of Scalene Nole Biops> Canad J Surg 1 04 100, 1958 
11 Donohoe, R F, Kit?, S, and ilalthons M T Aspiration Biops} of the Parietal 

Pleura, Am T Med 22 883 801 1057 

14 Dutra, P R , and Gcraci, C L Needle Biopsj ol the Lung, J A jM A 155 2 24, 1054 

15 Eflier, D B, I an Ordstrand, II S, Alcformatk L J, and Ginccdo, H A Lung 

Biops%,Am Re\ lubcrc 71 6CS G75, 1955 

10 Polej, P E, Philbm, P H, Kilpatrick, J 1 , and Mansfield, MOP Scalene Node 
Excision, Surgery 40 546 553, 1950 

17 Harken, D E, Black, H, Cl luss, R, and Parrantl, RE A Simple Cerricomediastiiial 

Exploration for Tissue Diagnosis of Intratlioraeic Disease, Non Pngland T Med 
251 1041 1044, 1054 

18 Hi Her, P, Kcllon, W F, and Chomet, B Needle Biopsj of the Panital Pleura, Ne\i 

England T iled 255 G84 090, 3956 

10 Tohnson, T 1 , Jr Results of Scalene Node Biopsy in Patients With Pulmonary 
Calcifications, Am Re\ Tubcrc 72 91 97, 1055 

20 Johnson, J L, Jr, and MacCurd>, T M Pulmonai^ Histoplasmosis Diagnosed b^ 

Scalene Node Biopsy, Am Re\ Tubcrc 66 497 500,1053 

21 Kenno}, L J, and Mota, C Scilem Node Biops>, Hcnr> Ford Hosp M Bull 4 

36 41, lose 

22 Kirbhner, J J Breckcnndgo, R L , Allbrittcn, F A , Jr , and Tlieodos, P A Diffuse 

Interstitial Fibrosing Pneumonitis, J A M A 154 316 338,1954 

23 Klassen, K P, AnUan, A T, ind Curtis, G M Biopsy of Diffuse Pulmonary Lesions, 

Arch Surg 59 694 704, 1040 

24 Lloyd, M S Ihoracoscopy and Biopsy in the Diagnosis of Pleunsj With Effusion, 

Quart Bull, Sea I low Hosp, New I ork 14 128 133, 3053 

25 Morgan, V C, ami DomzaKki, C A Pulmoiiarj Adenomatosis Need e Biops) 

Diagnosis, U S Armed Forces M I 7 429 435, 1956 

26 O’Donnell, F W Lung Biopsv as a Diagnostic Aid, New York T Med 55 ''003 3095, 

1055 

27 Pinnej, C T, and Harris, H M Hainman Rk h Sjndrome, Am J Mtd 20 308 313, 

1056 

28 Pieper, C A Scalene Node Biopsy in Diagnosis of Diseases of the Chest, Am Prac 

titioner 5 182 183, 1954 

29 RouMere, H Anatomie des Kmphatiqucs de I’homme, Masson &, Cie Pans, 1032, 

translated by Tobias, M J,*Ann Arbor, 1038, Edwards Bros Inc 

30 Schwippert, H, and Macmanus, J E A Histologic Study of Routine Scalene Node 

Biopsies, Siirgerj 42 533 535, 1957 

31 Scott, S M A Critical Review of One Hundred and Sixtj Consecutne Sca’enc Node 

Biopsies, Am Re\ Tuberc 76 1002 1006, 1957 

32 Shefts L M , Terrill, A A , and Swindell, H Scalene Node Biops\, Am Re\ luberc 

68 505 522, 1953 

33 Skinner E P Hall, J , Carr, D, and Robbins, S G Routine SupraclaMcular Biopsj 

in Suspected Bronchogenic Carcinoma, x\m Surgeon 21 590 600, 1955 

34 Small M J, and Landman, M * Etiological Diagnosis of Pleural Effusion by Pleural 

Biopsy, JAMA 158 907 912, 1955 

35 Stead W W Eichenholz, A, and Staiiss, H K Operiti\e and Pathologic Findings 

in Twent} Four Patients With Syndrome of Idiopathic Pleunsj With Effusion, 
Presumablj Tuberculous, Am Rev Tubcrc 71 473 502, 1955 

36 Steen L H Fovworthj, D T, and Baker, L A Acute Blastomycotic Pneumonia, 

A M A^ Arch Iiit Med 93 4C4 472, 1954 

37 Store-v C F and Rej nolds, B M Biopsj Techniques in Diagnosis of Tntr itlioracic 

Le‘?ion'!, Dis Chest 23 357 382, 19o3 

38 Sutiff, W D, Hughes, F, and Riec, M L Plcuril Biopsj, Dis Chest 26 551 5*7, 

1054 



620 


SMITH, PARSONS, AND DANIELS. 


J. Thoracic Surp. 
May. 1959 


39. Tlieodos, P. A., Allbrittcn, F. F., Jr., and Brcckonridgc, E. L.: Lung Biopsy in Dif¬ 

fuse Pulmonary Disease, Dis. Gliest 27: 637-G48,1955. 

40. Tlieodos, P. A., Brieger, H., and Catlicart, R. T.: Chronic Pulmonarj^ Beryllosis, 

J. A. M. A. 158: 1428-1429, 1955. 

41. Umiker, "W. 0., DeWeese, M. S., and Lawrence, G. H.: Diagnosis of Lung Cancer by 

Bronchoscopic Biopsy, Scalene Lymph Node Biopsy, and Cytologic Smears, Sur¬ 
gery 41: 705-713, 1957. 

42. Virshup, M., and Goldman, A.: Eo.sinophilic Granuloma of Lung, J. Thoracic Surg. 

31: 22C-237, 1956. 

43. Weiss, II. A., Campbell, E. ]\r., Budcnz, G. C., and McCandless, C. M., Jr.: Sarcoidosis 

Diagnosed by Means of Subclavian Lympli Node Biopsy, J. A. M. A. 146: 1221- 
1222, 1951. 

44. Yang, W. W.: Scalene Node Biops}', California iMed. 85: 165-166, 1956. 



CERVICAL MEDIASTINOTOMY FOR BIOPSY 

John D. Steele, M.D., San Fernando, Calif., and 
Samuel A. Marable, Al.D,, Los Angeles, Calif. 


I N' THE doeade since Daniels’ original report,' diagnostic biopsy of the pre- 
sealene fat pad and its contained l 3 ’mph nodes has become a widely accepted 
technique. The value of this procedure in providing a tissue diagnosis of 
both inflammatoiy and neoplastic disorders within the thorax has been shown 
many times atid reported bj' various authors. 

In instance.s in which suspicious nodes are palpable in the supraclavicular 
area, cervical lymph node biopsy gives confirmatory evidence of infiammation 
or neoplasm in a high percentage of case.s. When, however, no nodes are 
palpable in this area, scalene node biopsy is understandably less satisfaotoiy 
in providing positive results. Unfortunately, it is in this last group of cases 
that biopsj' might be most valuable. Consequent!}', attempts have been made 
to increase the frequency of positive biopsy results by modification and exten-' 
sion of the original technique. The purpose of this report is to describe a 
surgical approach to the prescalene and paratracheal lymph nodes which we 
feel has certain advantages over those previously I'eported. 

The generally accepted limits of dissection in scalene node biopsy includf 
the internal jugular vein medially and the subclavian vein inferiorly. It. 
1954, Harken and his associates" proposed extension of the dissection into the 
upper mediastinum through the classic incision, utilizing a laryngoscope wln.n 
necessar}' to provide exposure of the paratracheal tissues in this area. In 
this manner, biopsy specimens could be obtained from the paratracheal liudes 
within the thorax. Their series of 142 such procedures yielded 31.7 per cent 
positive results in cases of pulmonary carcinoma with nonpalpablc .supm- 
clavieular nodes. It was emphasized that half of the positive results werr 
obtained from the paratracheal nodes, and would have been missed if sealrxs 
biopsy alone had been employed. Despite this improvement in results —- 
mediastinal extension of the operation has not gained wide acceptance 
reason for this lack of acceptance apparently .stems from the inair-im— 
e.xposure of the mediastinal area afforded by this approach, with its 
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Fig. 1.—^The skin incision for cervical mediastinotoniy is shown in tlie inset on ttie left. The levels of the 
oblique cross sections, A and B, are indicated in the inset on the right. The approach to the trache.a can bo made 
by blunt dissection after the anterior border of the sternomastoid inuscie is reached, as indicated by the arrow in 
.1. Following the mediastinal di.ssectlon, the i>re.scaIone fat pad can be approached by blunt dissection posteilor to 
tlie sternomastoid muscle as indieated by the arrow in I! 
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(langeis of soiions licmoiihago and pleuial pcifoiation Piom subsequent 
publications, one gains the impiession that the inciease m positne results 
bj nicdiastiiial disseitiou has not pistified the uicicasod nsk of the pioeeduie 

AVe liai 0 been using the technique foi cci vical mediastinotomj emploj ed 
toi many jeais foi the exposuie of the uppci esophagus and foi diainage of 
mediastinal abscesses^ Undei local ancstiusia a I to 7 cm incision is made 
01 ei the antcnoi boidei of the stcraoi h idomastoid muscle inth its loiiest 
point 111 the siipiasteinal notch (see inset m Pig 1) After the sLm and 
fascia have hoen incised, blunt dissection nii be eiiiploicd almost cntiieh 
Dissection is caincd infcnoily and nicsiallj to the eaiotid sheath thiough 
the middle conical fascia to the tiachea (see A in Pig 1) The stciiiotlmoid 
muscle IS ictiacted although it could be sjilit loiigitiidiiiallj if iiccessan 
One easily cnteis the paiatiaeheal aieolai tissue and, by gentle fingci dis 
section, this plane is opened down to the Iciel of the aortic aieh on the left 
side and to a eompai able distance on the nght side These le\ els ha\ c been 
\enficd loontgenogiaphienlly In placing radiopaque catheters tempoianly 
in the depths of the ivoiind, the tips of the catheteis being iisualued at the 
loicl of the second costal caitilago It is possible to e\amiiio the paiatiacheal 
aiea undei dneot vision, to palpate thoioiighlj, and to obtain a biops} of any 
suspicious aicas uhich maj bo ]nesent In addition, masses in the apex of 
the lung may be palpated latciallj and needle biopsy may bo peiformed 
undei diieot iisioii, making this a safei pioeeduie than is possible thiough 
the chest ii all 

Pollouing the paiatiacheal portion of the pioeeduie, dissection mai bo 
oaiiied lateially betucon the postcnoi suifaco of the steinocleidomastoid and 
the antenoi niaigin of the caiotid sheath to expose the scalene fat pad (see 
IS 111 Pig 1) A eoinpleteh satisfacton biopsy of tlie fat pad maj be obtained 
fiom this appioach The most lateral portion of the pad may be someulnt 
difficult to expose, but uith adequate letiaction e\en this poition maj be 
excised The moio medial and infcnoi poitions of the pad peihaps the most 
1 aluablc foi diagnostic puiTOses aic iciiioicd with gieat case thiough this 
approach The m oiiiid is closed in laveis i\ ithout di ainage 

The gioiip of cases in ■which this technique has been used is too small 
foi statistical .aiialjsis No significant complications liaie been encoiiiittied 
and theio liaie been no instances of damage to ma)oi lessels oi iieiics noi 
have theie been any pneiimothoiacos The dissection must be eaiiied out 
carefully, however, since in addition to the stiaietuics encoiintcied in loutine 
scalene biopsy, the mfeiioi tlijioid veins lie in the aiea of dissection These 
vessels may, of coui’se, be ligated and divided if neoessaiy The leeiiiieiit 
laiyngeal neive, lying in the tiachcoesophagcal gioove, is postcnoi to the 
opeiativc field, but its location must also be kept in iiiiiid 

It IS oui belief tiiat this technique lesults in a significant mcicasc in 
positive biopsy lesults without a significant ineiease in the opeiative nsk 
The results in oiii cases appaitiitlj eonfiiin the advantages of paiatiacheil 
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biopsy reported by Harken and his associates. Although the area of dissection 
is the same as they described, we feel that the approach we have employed 
is more vereatile and has added safety in being performed entirely under 
direct vision. 


SUJniARY 

A modified approach for the combined biopsy of paratracheal and pre- 
sealene lymph nodes has been described which can be performed with relative 
safety under dii’ect vision. 
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PAPILLOMA OF THE ESOPHAGUS 
Association With Hiatal Hernia 

Richard H, Adler, Al.D., David A!. Carberry. AID., and 
Charles A. Ross, Al.D., Br/ffalo, N. Y. 

B enign tiiinors of the esophagus, although uncommon, have received inoreas- 
iiig attention in recent years. They maj’ be divided into two main groups, 
intramural and intraluminal. Intramural tumors generally produce few 
symptoms unless they attain a large size. They rarely protrude in a peduncu¬ 
lated manner into the esophageal lumen. Generally, the tumors are well 
circumscribed, and they may often be shelled out of the esophageal wall with¬ 
out opening the mucosa. A small number may undergo malignant change. 
Intraluminal tumors, particularly those arising mainly from the esophageal 
mucosa, have been considered to be rare. Our understanding of their patho¬ 
genesis is limited. 

Polyps were among the first of the benign intraluminal tumors of the 
esophagus to be described. An intraluminal polyp may elongate from the 
action of peristalsis and sivallowing until the pedicle assumes a length that 
may allow the growth to be regurgitated into the throat. Totten and his 
assooiate.s'‘ found 40 polyps of the esophagus reported in the literature. All 
were in adults, and 34 originated in the upper third of the esophagus. Benign 
intraluminal tumors may also originate from heterotopic areas of gastric or 
intestinal epithelium as well as from the esophageal glands. 

Perhaps the lesions causing the greatest confusion are the sessile intra¬ 
luminal tumors which have been described as wart-like protuberances or small 
polypoid, papillary growtlis. To this ill-defined group the term papilloma has 
occasionally been attached. The distinctions between esophageal papilloma, 
localized mucosal hj'perplasia, granulomatous proliferation, leukoplakia, epi¬ 
thelioma, and certain small sessile polyps become muddled due in part to the 
use of indiscriminate terminology and loose interpretation. Incomplete clini¬ 
cal documentation and meager pathologic descriptions of reported eases add 
to the many uncertainties. 

The literature contains conflicting reports as to the nature of papilloma 
of the esophagus. Stout and Lattes'- have recently stated that true papil¬ 
lomas of the human esophagus do not exist. Terracol and Sweet," however, 

Prom tlie Roswell Park Meniorlal Institute ana the Department of Surgery, University 
of Buffalo School of Medicine, Buffalo. N. Y. 
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mention papillomas of the esophagus as a not iineommon finding at autopsy. 
Esophageal papillomas are knon'-n to occur in certain animals. When the lit¬ 
erature on papilloma of the human esophagus is reviewed, one is impressed 
by the fact that practically all ease rejioi'ts called papilloma of the esophagus 
were published over 20 years ago."''*’ The papillomas were diagnosed on 
the basis of small liieees of tissue removed by esophagoscopie biopsy. Unfor¬ 
tunately, for the most i)art, the diagnosis was merely stated without any 
adequate pathologic description. 

The few publications mentioning papilloma of the csophagiis other than 
the earlier case reports refer back to the ])apers of Patterson which appeared 
between 1927 and 1933.^‘” Patterson found 62 cases of benign esophageal 
neoplasms in the period 1717 to 1932. These included postmortem diagnoses, 
and many apparentl}’ had little detail other than the name of the doctor and 
the type of growth. In listing the types of neoplasms found in this review, 
Patterson stated that 8 were ])apillomas. Unfortunately, there was no review 
of the 8 papillomas and the references were not complete. 

In reporting a case of papilloma of the lower esophagus in 1931, WcKjnney® 
mentioned that Jackson had informed him by personal communication of 3 
cases of papilloma of the esophagus he had seen. Moersch and Harrington" in 
1944 stated that 44 benign tumors of the esophagus were foxmd in 7,459 post¬ 
mortem examinations at the iMayo Clinic in patients without esophageal com¬ 
plaints. The list of tumors included 3 papillomas of the e.sophagus but no 
further description or comment w.as made concerning the papillomas. In 1945, 
Adams and Hoover* referred to Patterson’s stud}' and added 26 additional 
benign tumors of the esophagus foiind from 1933 to 1943. They also added 3 
eases of their own to make a total of 91 benign tumors of the esophagus re¬ 
corded in the literature. In listing all cases, they included the 8 cases of 
papilloma of the o.sophagus mentioned by Patterson and one other papilloma 
for the 1933 to 1943 period. This additional papilloma Avas only listed and no 
further detail Avas supplied. Since that time, most reports on benign tumors 
of the esophagus omit papillomas entirely, mention the condition in passing, 
or briefly refer to the cases prcA'iously reported. 

Recent experience AAuth a patient liaA’ing a localized, sessile tumor in the 
distal esophagus,' AA-hicli Avas diagnosed histologically as papilloma, stimulated 
our interest in this subject and prompted a rcA'iew of our OAvn records and the 
aAmilable literature. Tliis is apparently the first documented ease of papilloma 
of the esophagus associated Avith hiatal hernia and distal esophageal stenosis. 
To our knoAAdedge, it is also the first case in AA'hieh thoracotomy Avas performed 
Avith resection of the tumor and the involved esophagus. 

On revieAA'ing our clinical material for the 11-year period, January, 1947, 
to December, 1957, 205 cases of carcinoma of the esophagus AA'ere found. In 
4, there were esophagoscopie biopsies proximal to an esophageal malignancy 
that were reported as papilloma of the esophagus, but this diagnosis Avas not 
upheld Avhen the material Avas re-examined at the time of this rcA'ieAv. Certain 
aspects of papilloma of the esophagus aa'iII be revieAved in this iiaper based upon 
our clinical experience and the infoianation gathered from the literature. 
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CII\IC\L ’MMFRIU 

A Papilloma of the JJso2)hugits {^soitafed With Hiatal Ilcnna and Sint 
tine {Ca^c Pcpoit) — 

T Ar (No 0207^), a 73 3earo16 t\lato nmii was admitted to th(i Eoswell Park Me 
morial Institute on March G, 1^58, -with the chief complaint of intermittent but progres 
‘juc d^splngia for 2 years This was characterized hy a sensation of food sticking in 
the lower client He denied heartburn, pjro^ub regurgitation, or flatulence Theie had 
been no weight loss 

On ph\sical examination, the pitient appealed to be in fair health He wa*? edentu 
Ions Barium roentgenographic studies of the upier gastrointestinal tract showed a hiatal 
henna witli narrowing at the cardioesophageal junction (Pig 1) The radiologist felt 
that the stenosis was secondan to a long standing hiatal hernia and that thcie was no 
e\idence of neoplasm The narrowed area could not be distended There had been no 
prev lous x raj studies 

Esophagoscopj on March 7, 195S, showed the esophagus to be normal until a level 
33 cm from the upper incisor teeth was reached, here, a papillarj tumor was encountered 
arising from the loft posterolateral aspect of the esophagus When efforts were made to 
pass the esophagoscope bojond the growth, the tumor protiuded partially mto the esopha 
goscopo and prevented further passage This papillarj lesion proiected approximatclv 
1 cm mto the esophageal lumen and arouse from an area roughlj 1 o cm along the esoplng 
oal circumference Its surface appeared pink with irregular small lobulations Four 
biop'«ies were taken from the growth with onlj minimal bleeding Washings were 
aspirated for tumor cells Tlie gross impression was probable carcinoma of the esophagus 
proximal to a hiatal hernia Tliero was no evidence of esopliagitis, Assuring, leukoplakia 
or niucDsaJ iji/ier/ilasia The JusfoJogJC report of the biopsy materjal was papiUoms of 
the esophagus with no evidence of raalignancj cither in the specunen or esophageal 
washings 

On Atareh 21, 195S, a second csophagoscopv was done with the preoperative diagnosis 
of probable carcinoma of the esophagus and hiatal hernia The same findings were en 
countered and several large pieces of the neoplasm were removed with biopsj forceps 
Ihc sites of the previous biopsies could be seen It was not possible to pass the csophago 
scope bejond the growth Again the impression was tint of an esophageal tumor, most 
probablv carcinoma Histologically the biopsies were tlie same as tlio'sc of the fiist 
examination 

After con«uderabIc discussion, it was agreed that the patient should have a thora 
cotomj and esophageal resection for the following rea-aons (1) a 'somewhat chronic historv 
of 'slowlj progressive esophageal obstruction in an othciwiso healthj individual, (2) the 
pos«!ibilitj of an associated undcrljing neoplasm despite the negative biopsios and long historv 
(3) a dcsin, to complj with the patient s wishes for surgical relief of his troublesome 
dv‘'phagia On March 31, 1958, thoracotomy was performed through the bed of the loft 
seventh rib Upon opening the mediastinal pleura, the hiatal hernia with a secondarilv 
shortened esophagus was readilj apparent Tlie esophagus appeared to be entirelj normal 
on inspection Palpation revealed a localized area approximately 3 cm proximal to the 

esophagogastric junction that felt soft and tl ickcncd as compared with the rest of the 

esophagus According to the proopentne plin, the esophagus over this area was opincl 
longitudinallj for a distance of 5 to 6 cm Ihe mucosa of the esophagus appeared to 1 e normal 

but a small, sessile, smoothlj lobulated lesion, sliglitlj over 1 cm size, was visible on the 

left posterolateral wall of tlio csopl agus (Pig 2) The sites of previous esoplngoscopic 
biopsies weic seen adjacent to this growth Tlerc w is no gross evidence of esophagitis 
mucosal hyperplasia with Assuring, or caicinomi Distallj a definite stenosis was noted at 
tliG esophagogastric junction that barelj admitted the tip of the operator’s fifth finger kftor 
considerable discussion, the esophagus approximately 5 cm proximal to the papillary growth, 
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-Ri.t, 1 _ A and B. Chest roentgenograms showing hiatal heinia with stenosis of the distal 

' esophagus (see text). 
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Flp. 2.—Photoprnph nia<l« iit tUue of thoracotomy looking into tlie distal esopliapus widely 
opened tlirough a longlttullna! Incision. Arrows point to papilloma. Sites of earlier esopha- 
goscoplc biopsies are visible In adjacent area. Slenoscd distal esophagus (cardioesophageal 
Junction) Is seen to reader's loft; proximal esophageal lumen to the right (see text). 



3 —Photomicrograph of esophageal papilloma showing lobulated projections covered 
by well-differentiated squamous epithelium. There is a central core of flbrovascular‘tissue 
(see text further). (X20; reduced H.) . 







630 ADLEH, CARBERKY, AND ROSS J. Thor.ci. Sur,. 

May, 1959 

and the stomacli, cli.stnl to tlie site of stenosis, n-ere resected. Gastrocsopliageal continuity 
was establislied by anastomosis of stomach to csophagu.s. A pyloroplasty was performed be¬ 
cause of the vagectoiny coincident with the e.sopliageal transection. On gross inspection the 
surgical team could not be absolutely certain that malignant change did not exist in the base 
of this tumor. The patient’s postoperative course was e.ssentially uneventful and when last 
soon, 3 months following surgery, ho was active and asymptomatic. 

The pathology- report* Avas as follows: 

The external surface of the surgically resected esophagus was not remark¬ 
able. On the mucosal surface, hoAvever, a soft papillary- nodule with a broad 
base Avas noted. It measured approximately- O.S cm. in diameter and projected 
about 0.3 cm. into the lumen. In close proximity to the papillary- lesion'a 0.4 
cm. ulcer probably representing the site of a prcA-ious biopsy- could be seen. 

iJIicroscopic study on the sections rcA-ealed a papillary- lesion with A-ascu- 
lar fronds of conncctiA-c tissue cOA-ered by avcII difTerentiated squamous epi¬ 
thelium. Parakeratosis and hy-perkeratosis Averc present in the papillary- pro¬ 
jection but not clseAvhcre. There Avns no cA-idence of iiiA-asion into the broad 
pedicle. The lamina propria shoAved minimal ly-mphocytic infiltration. 

These sections are interpreted ns a papilloma of the esophagus because of 
the true formation of papillary- projections rather than artifactial folds. There 
is no evidence of a virus etiology- since no inclusion bodies Avere present in 
the epithelial cells. 

B. PapiUoma-like Psopluifjcal Lesions Wiih DisiaJ Malignancrj (4 Cases ).— 

Case 1.—J. D. (No. G6510), a 55-ycar-old Avhite man, was admitted to the Roswell Park 
Memorial Institute on July 2, 1949, Avith the chief complaint of progressive dysphagia for 
3 months. There had been a 40-pound weight loss during this period, and occasional re¬ 
gurgitation and aspiration had been noted. Barium csophagogram revealed an obstructing 
lesion in the loAver esophagu.s. On esophagoscopy, a firm, granular mass was found ob¬ 
structing the lumen, 30 cm. from the upper incisor teeth. No mention Avas made of 
esophagitis or mucosal hyperplasia. A biopsy- was taken Avhich Avns reported as .showing 
papilloma of the esophagus. Because of the progressive ob.stniction, the patient had a 
thoracotomy performed. Carcinoma of tlic esophagus was found AA'hich Avas nonrcsectablc 
because of local extension. A number of paraesophageal ly-mph nodes grossly- iiiA-oh-cd 
with tumor were present. The patient died from his disease one month l.-iter and the 
diagnosis of carcinoma of the esophagus AA-as confirmed on autopsy-. No mention was 
made of any- lesion resembling a papilloma in the proximal esophagus. 

Case 2.—C. J. (No. 05575), a 49-year-old Avhitc Avoman, Avas admitted to the RosavcH 
Park Memorial Institute on March 28, 1949, AA'ith complaints of progressiA-c dysphagia for 6 
months. During this time she had lost 30 pounds. The only- fact of significance in her past 
history- Avas that she had had a complete hysterectomy and bilateral salpingo-oophorectomy- in 
1930 for a squamous-cell carcinoma of the uterine ccrA’i.x. On phy-sical examination theic 
Avas a left A-ocal cord paralysis. Eoentgenographie examination of the esophagus demon¬ 
strated an obstruction in the middle third of the esophagus thought to be duo to carcinom.i 
of the esophagus. Esophagoscopy- revealed an esophageal obstruction, appro.ximately- 24 cm. 
from the upper incisor teeth, AA’ith rather prominent rolled mucosal folds on the posterior 
esophageal Avail. This area Avas biopsied. The histologic examination Avas reported to be 
papilloma of the esophagus Avith marked thickening at the squamous epithelium and some 
cornification of the superficial cells. A repeat esophagoscopy one month later shoAA-ed a 
similar obstruction by- a mammillated mass on the posterior left lateral esophageal Avail. A 
biopsy at this time Avas reported as shoAving thickened squamous epithelium and smears AAcre 
negative for tumor cells. Because of the patient’s poor general condition, no surgery- Avas 
attempted and after a short course of radiation therapy she died. Unfortunately, no autopsy 

^evieAA-ed by Dr. Jolin Pickren, Cliief of the Department of Pathology. Roswell Park 
Memorial Institute. 
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was obtained but a presumptive diagnosis of primarj carcinoma of the esophagus was made 
Tlie possil)i]ity that this obstructing neoplasm represented a uterine metastasis remains but 
seems ratlicr unlikely 

Case 3—B C. (No 73731), a bSjoaroId wlute worn in, was admitted to the Boswell 
Park Memorial Institute on Dec. 12, 1951, becau‘!c of piogiessive dvsphagia and regurgi 
tation of 7 months’ duration. During this period she had lost 32 pounds Boentgeno 
graphic examination of the esophagus showed an irregular narrowing of the distal 
esophagus. At esophagoscopy, a raised, mammillated, ulcerated lesion in the left antero 
lateral esophageal wall was encountered, 37 cm from the upper incisor teeth This was 
biopsied and reported to be a papilloma of the tiophagus At thoracotomy, an exten'^ne 
carcinoma involving the lower e^sophagns and gastric cardia was found witli metastnses 
to the liver and celiac axis The patient dud of hci disease several raontlis later with 
out an autopM being performed. 

Case I—A II (No 73701), a 73 3 earol(l white man, vvas admitted to the Boswell 
Park Memorial Institute on Dec 39, 1953, compJaining of progressive dysphagia for 3 
months with a 7 pound weight loss. Radiographic examination of the esophagus showed 
an irregular narrowing in its middle third Esophagoscopy revealed an obstructing, ulcer 
atod, friable lesion in the right lateral wall at a level 25 cm from the upper incisoi 
teeth. Tlio lesion vvas biopsicd and reported to be a papilloma of the esophagus Esopha 
goscopv was repeated 3 weeks later with similar gross findings Tins time the lesion vvas 
described as a gray, glistening, papillary lesion obstructing the lumen and a biopsy* w^os 
reported ns showing papillary hjperplasia The patient was then subjected to exploratorj 
thoracotoraj* and an advanced carcinoma of the esophagus was found and resected A 
plastic tube vvas used to reestablish gnstioc'-ophagcal continuity. Histologic section 
showed squamous cell carcinoma ot the esophagus No mention was made of papilloma 
or esophagitis proximal to this area 

Commcnl; Based upon histologic examination of tiie esophagoscopy hiop 
sies, tiie iast 4 eases were originaiiy diagnosed as papiiioma of tiie esopiiagns 
Unfortunatciy, a detailed description of tiie gross appearance of the lesion was 
not aluays lecoided in tlio esophagoscopy icpoi'ts In all 4 cases tliere was eso 
phageal obstniction due to malignancy After ic examining the original histo¬ 
logic sections and reviewing tiie clinical data, it is apparent that tiie mucosal 
lesions were aieas of mucosal liyperplasia and jjapillary folding ratlier tliaii tiiie 
esopliagoal papillomas Tins will lie discussed fuither 

DISCUSSION 

Peiliaps a discussion of this subject should begin with a definition of tiie 
tcim papilloma of tiie eso]jliagus Heic one cncounteis what is possibly tiie 
basic difficulty m undeistanding and classifying the condition heeause tiie term 
papilloma has been loosely attached to a numher of closely i elated esophageal 
lesions Theie often appeal's to he no unifoimly clear line of division hetuocn 
a papilloma and a small sessile polxT), although a distnietioii may easily he made 
fiom the larger pedunculated adenomatous polyp Localired aieas of epithelial 
hyperplasia and gianulomatoiis proliferation have also been leferied to as papil¬ 
lomas The issue becomes even more clouded in publications describing sessile 
intraluminal growths of the esophagus hv the landom use of such adjectnos 
as papillai'j’, polypoid, and vai't-likc 
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Ihcic is no apparent reason wiiy papillomas could not occur in the human 
esophagus. The gro'W'th would be pi’imarily o£ mucosal origin with a covering 
of squamous mucosa and a fibrovascular core derived from the underlying sub¬ 
mucosa. It would appear as a sessile lobulated bud of variable size, somewhat 
similar to papillomas of the sldn. The tumor should be differentiated from 
closely related lesions, .such as localized areas of hyperkeratosis, acanthosi.s, and 
leukoplakia as well as sessile polyps. 

ith closer attention to the over-all gross appearance of the lesion and 
adjacent esophagus as well as to its histologic appearance, there may be less 
confusion in ap])lying the proper terminology ni the future. Certainly, the 
pathologist who examines either the piece of the tissue snipped free at esopha- 
goscopy or else the postmortem esophagus with a partially digested, ai;tolytic 
mucoiis membrane, is in a disadvantageous position to appreciate superficial 
intraluminal pathology. 

Opinions concerning papilloma of the human esophagus have varied in re¬ 
cent years. Totten, Stout, and eo-author.s,’' in di.scussing benign tumors and 
cysts of the esophagus, concluded that, “No instance of true papillom'a, that is, 
warty epithelial growth, was encountered in human beings.” Again in 1957 
Stout^^ expressed a view that the cases repoiled as papilloma of the esophagus 
were not like lesions called papillomas in other parts of the body. He thought 
that the only lesions that could properly be called papilloma of the esophagus 
were the eoj’al-like lesions consisting of central cords of fibrous tissue covered 
by stratified squamous mucosa which may be .seen in the esophagus of cattle and 
swine. In these animals, a virus has been .suggested as a possible etiologic agent. 
Palmer'^ considered esophageal pa])illomas as areas of localized epithelial hyper¬ 
plasia, and he used the tei'm epithelioma interchangeably with papilloma. The 
use of the term epithelioma is oi)en to question becau.se to some it carries a con¬ 
notation of malignancy. In a general review of papillomas throughout the body, 
Wakeley^® recently defined papilloma as “a branching or lobulated benign tit- 
mour dei’ived from epithelium. This definition excludes inflammatory lesions, 
warts, and polypi.” In discussing papillomas of the alimentary tract, he dis¬ 
missed papilloma of the esophagus with the following sentence, “Papilloma of 
the esophagus is extremely rare.” From such varjdng opinions one might con¬ 
clude that not only is the nature of papilloma of the human esophagus unsettled, 
l)ut also that there is still a question as to whether such a condition actually 
exists. 

The ease reported in this papei’ would appear to meet the necessary criteria 
to be called papilloma of the human esophagus. This opinion was reaehed only 
after careful consideration of its gross and microscopic appearance. It was a 
benign, sessile, lobulated tumor covered bj’’ squamous mucosa with a fibrous core. 
There was no evidence of mucosal folding, granulomatous proliferation, or 
leukoplakia. 

In reviewing the cases reported as ijapilloma of the esophagus in the litera¬ 
ture as well as our clinical material, certain common features were noted. 
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Essentially all neie located in the distal esophngiis, an aica that is noimall} 
naiioived and one that iiiaj he subjected to the iiiifating effects of tiauma, 
gastiic ieflu\, and esophageal stasis In all cases there was an esophageal 
obsti action oi naiiOMing to a laiiable degiee distal to the papillomatous 
lesions except one in uliieh theic uas no \ laj studj and the piesenee of 
esophageal iiaiioning ivas not iiiontioiicd Thoioiigli analjsis of the repoited 
cases lias fiustiated bj the incomplete clinical and pathologic deseiiptioiis 
Study of the csophagoseopie notes and other mailable information, hoivcsei, 
suggests that many of these lesions ueic piobablj the lesult of indammafoij 
piocesses, iriitation, oi tiauma nith subsequent folded aieas of mucosal hy 
peiplasia and gianulomatous masses The ease eommonlj cited b\ Jackson'' 
as papilloma and oiiginating in the iippci esophagus ivith a long iiaiioiv 
pedicle lias leallj a pedunculated fibioma and should not be considered a 
papilloma of the esophagus The pathologic lepoit ivas “ribioma papillaie ” 
The esophageal painllonia repoited in this papet uas associated ivith a 
hiatal heinia and stnetuic of the distal esophagus, piesumablj fiom csopha 
gitis and seal ling To out knowledge hiatal heinia has not been noted pie 
Mouslj in the litciature on esophageal pnpilloma, but at the time -Hhen the 
enrliei cases iveie lepoited hiatal heinia uas the subject of little attention 
and could ha\e escaped detection Like the othei cases of papilloma, in oiiis 
theie was distal esophageal naiioiMiig uliieh could haie led to stagnation 
mucosal nutation, and esophagitis One can onlj speculate as to what effect 
the pioducts of stagnant decomposing foods had in the genesis of this growth 
Gastroesophageal leflux, so common with hiatal henna, can pioduoc a 
leeuriing foim of esophagitis AVhethei this is a majoi factoi in the foima 
tion of papilloma of the esophagus lemains coniectural Palmei® feels that 
epithelial nutation is eiident as the cause of most esophageal papillomas 
In fact, he speaks of processes that lead to losses of epithelium which in 
tuiii lesult 111 hjpeiplasia of the rennining islets of cells This condition 
is not tiulj analogous to the pseudopolyps seen with uleeiatne colitis as 
has been suggested The ulceis of icfliix esophagitis imolnng squamous 
mucosa tend to lemain shallow and aic chaiacteiizcd In healing with leeui 
lences Stout' belieics that lesions called esophageal papilloma in man ate 
the lesult of inflammatory processes in which the esojihageal lining has been 
thiown up into pa|)illary folds These papillaij folds and gianulai aieas 
could be mistakeiih mlled papilloma In the pathologist who examines onh 
the piece snipped oft In esophagoscopic biopsj The 4 eases diagnosed as 
papilloma from the s iphigoscopic biopsy at this Institute in 1949 and 1951 
weie all found ti I i tudly aieas of epithelial hypeiplasia with some papil 
laiy folding when i \ iniiied m the light of cuiiciit knowledge 

It becomes eMdnil nit the diagnosis of papilloma of the human esophagus 
IS not easily made ^ the ladiologist obsenmg the barium swallow oi to the 
suigeon palpating tin ntside of an intact esojihagus, a papilloma maj lemain 
unnoticed Pathologists line mistakenly made a 
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tlie basis ^ of an esophagoscopie biopsy. The experienced esophagoscopist, 
however, is in a position to help clarify any histologic misinterpretation by 
carefully describing the gross appearance of the tumor and noting any asso¬ 
ciated areas of Assuring, mucosal iLvperplasia, leukoplakia, and esophagitis. 
A definite diagnosis of ])apilIoma should only be made, however, when the 
surgically resected eso])hagus or fi'csh postmortem esophagus containing the 
tumor is carefully examined gro,ssly and histologically. 

The significance of papilloma of the esophagus remains unsettled. Of 
first importance is the danger that a diagno.si,s of papilloma based on esopha- 
goscopic biopsy may divert attention from a more distal esophageal lesion 
that may be an unsuspected carcinoma. The papilloma itself has been con¬ 
sidered to be a benign tumor that needs attention in only the rare case when 
it causes symptoms. Some, such as Palmer* and Wakeley,^* consider this type 
of epithelial tumor to be a premalignant lesion. Terracol and Sweep* com¬ 
ment that malignancy resulting from an esophageal papilloma has been re¬ 
ferred to as adeno-acanthoma. At this time one can only conclude that it is 
questionable whether this t.vpe of papilloma has any malignant potential. 

It is beyond the scope of this paper to consider in great detail the hi.sto- 
logie differentiation between papilloma and lesions wth which it has been 
confused. Papilloma should not be confused ■ndth granulomatous prolifera¬ 
tions and sessile glandular polyps. A papilloma may be readily differentiated 
from leukoplakia with its features of hyperkeratosis and epithelial atypism. 
Nevertheless, one cannot be absolutely certain that esophageal papilloma does 
not represent merely an advanced stage of localized epithelial hyperplasia or 
mucosal proliferation. The dividing lines between certain of these proliferat¬ 
ing mucosal lesions may be vague in some cases and absolute definitions 
demand, at best, complete gross and histologic examination of the growth and 
the adjacent esophagus. 


SUJ^IMARY 

Papilloma of the esophagus is an unsettled subject and one about which 
no unanimity of opinion exi.sts. It is curious that interest in the subject has 
dropped in recent years despite the advances in esophagoscopy and thoracic 
surgery. Papilloma of the esophagus has been especially confused with 
localized areas of epithelial folding and mucosal hyperplasia. Granulomatous 
proliferations, leukoplakia, and sessile poljq^s should be more readily differ¬ 
entiated from papilloma. Complete gross and histologic examination of the 
resected esophagus and tumor may be necessary, however, before a definitive 
diagnosis may be reached. 

A case of papilloma of the esophagus is reported. There was an associ¬ 
ated hiatal hernia and stricture distal to the papilloma. The distal esophagus 
containing the tumor was resected. Four other eases originally diagnosed as 
papilloma of the esophagus on the basis of esophagoseopic biopsy are briefly 
described. This diagnosis was later shown to be incorrect. In these cases 
the papillomatous areas were encountered proximal to malignancies. Of 
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interest Mas the observation that piacticaJlj all cases of papillomas of the 
esophagus, heie and in the liteiatuie, oceuiied in the distal esophagus pio\imal 
to an obstnicting esophageal lesion 

Ccitam impiessions gathered from this levievv aie discussed Absolute 
conclusions concerning the natiue of papilloma of the human esophagus can 
not be leached at this time, but vaiiances in opinion are cited along with the 
findings in our clinical material Perhaps as moie attention is diiected to 
the lower esophagus bv clinicians and pathologists, the tiue natiue of papil 
loma and i elated sessile mucosal lesions may become bettei undei stood 
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TRANSIENT PARADOXICAL MOVEMENT OF THE DIAPHRAGM 

Raymond A. Gagliardi, ALD., Howard H. Feigelson, M.D., and 
Arthur S. Sbujro, M.D., Detroit, Mich. 

P ARADOXICAL iiiotioii of llic difiijlivagm following plironieotomj’- or on the basis 
of malignant involvement of the mecliastinnm is a well known and familiar 
entity. The fact that paradoxical motion of the diaphragm can occur in the 
presence of nonmalignant pulmonary disease or without direct phrenic involve¬ 
ment is less well known. In view of this latter observation, it is felt justified 
to review the literature regarding this phenomenon and to consider the possi¬ 
bility of unilateral diaphragmatic paralysis occurring secondary to inflammatory 
disease of the lung. 

In 1898, only 3 years after the discovery of the roentgen ray, Kienbock' 
described a case of liydropneumothorax in which the air-fluid level was noted 
to descend on expiration and to ascend on inspiration. He first coined the 
phrase “paradoxical movement of tlie diaphragm” and this change has become 
known as Kienbock’s phenomenon. When first observed it was erroneously felt 
that the change was on the basis of the weight of the fluid in the pneumothorax 
cavity. Since tliat time, multiple cau-sps have been implicated. The commonest 
cause of unilateral paralysis of the diaphragm is phrenicotomy or phrenic crush. 
Any other involvement of the phrenic nerve or its centers in the cervical spinal 
cord can produce the same phenomenon. Poliomyelitis with involvement of the 
anterior horn cells of the fourth cervical .segment and injui’ies to the cervical 
cord are possible causes of central paralysis affecting the diaphragm. Involve¬ 
ment of the hilum of the lung by neoplasm witli infiltration of the phrenic nerve 
is perhaps the commonest cause of diaphragmatic paralysis in which the pe¬ 
ripheral portion of the phrenic nerve is involved. Cases have been described in 
which paralysis of the diaphragm developed during the eorrrse of pulmonary 
tuberculosis, apparently secondary to involvement of the phrenic nerve by scar 
tissue. A single case of diaphragmatic paralysis secondary to involvement of 
the phrenic nerve by an adjacent aortic aneurysm has also been described.- In 
all these cases, however, a true paralysis of the diaphragm, which is irrevei’sible, 
Avas not pi’esent. 

In 1929, Bonorino and Vadone® performed an exhaustive study to deter¬ 
mine the mechanism of the Kienbock phenomenon. Their work shoAved that 
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paradoxical motion of the diapliiagin inaj occni m the absence of diiect in 
\olvemeiit of the phienic none Thcr noted that in the picsence of pneiimo 
thoiax, -nhen the intiaplemal pressure at expiiation -was negatiie, the motion 
of the diaphiagm vas always noimil As tlie intiaplemal piessiiie was in 
Cl eased fioin negatne to positive thcie was a giadiial cliango in the motion of 
the diaphiagm winch hccame paiadoxieal when the intiaplemal picssme bo 
came positiio Thev fmthei dcmonsti.ited that when the intiaplemal picssme 
was at reio oi oiilj slighth ahoNC, theic w is noimal diaphiagmatie motion with 
the patient standing cicet but the motion became paiadoxical when the patient 
would ho on the side of piicnmothorax This woik has been confirmed many 
times and is a simple method to detcinnne whcthci oi not a positive piessiiie 
pneiimothoiax exists = It also demonstiates, unctimvocallv, that paiadoxical 
motion of the diaphragm inav occiii without mvohement of the phienic neiio 

Upwaid displacement of the diaphragm in piieiimonn was lepoited by Wu 
in 1932,* who felt that this was due to diaphiagmatie failme to descend dining 
deep inspiration sccondaiv to loss of cxpansibihtv of the consolidated portion 
of the lung This finding was fuithei pmsiied bv Fiiedman" in 1950, who 
followed, with fluoioscopv, a gioup of patients with pneumonia who also had 
elevated diaphiagnis He lepoits 6 well studied cases of unilateial paialysis of 
the diaphiagm which occuued in association with pneumonia These paiaivses 
all ocemred on the same side as the pneumonia In one of these cases theie was 
concomitant vocal eoid paialvsis He dcsciibes the onset of paiahsis as oc 
cm ring conieidcntalh with the pneumonia in 2 of tlie eases but in the icmaiii 
ing 4 there was a latent peiiod of ovei 5 weeks between the onset of tlie pnou 
moiiia and the appearance of the paiadoxical motion ot the diaphiagm Pa 
rah SIS lasted fiom 7 weeks to 10 months and in one case was appnienth peima 
nent It was his feeling that the paiadoxical motion of tlie diaphiagm was 
secondaiv^ to paialjsis of the phienic neive because of a toxic oi iiiflammatoiv 
neuritis On the basis of this woik bv Fiiedman, wo piesent a lecont case of 
pneumonia with paialjsis of the diaphragm which was coinpletelj studied and 
carefully followed This lepresents an additionil case of paialvsis of the dia 
phiagm follovvniig a pneumonia to be added to the 6 cases of Fiiedman which 
aic the onlv cases of this tjpe we have been able to find in the liteiatuio 

OVSE REPORT 

H S (case reported tluough the courtesj of Dr Aubrey Goldman), a 44 vear old white 
man, was admitted to the Smai Hospital of Detroit on Sept 38, 19o7 The patient had been 
well until 4 weeks before admission when he felt fatigue and malaise One week litter he 
complained of continued malaise and vias scon bj liis phjsioian who found riles at the base 
of the left lung and a temperature of 102° F Roentgenograms at that time showed left 
lower lobe pneumonia wuth eleiation ot the left diaphragm (Figs 1 and 2) One week later, 
repeat roentgenograms showed clearing of the pneumonia, and fluoroscopj demonstrated para 
doxical motion of the left diaphragm, accentuated b\ sniffing Since the onoet of his illnc s 
he had lost 7 pounds in weight He was admitted to the hospital for further eviliiatioii 
Repeat tluorosoopj on admission again demonstrated the paraUsis of the left diaphragm 


Fiff. 1 —Left lieinidia 
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Significant in his past history was a biiateral dorsolumhar sympathectomy done 7 years 
earlier for hypertension. At that time, both roentgenograms and fluoroscopy of the chest 
wore reported as normal. Tliore had been no other cliest x-ray studies in the intervening 
years. 

Planigrams of the chest acre normal. Bronchoscopy on Oct. 2, 1957, showed probable 
compression of the left main bronchus by an extrinsic tumor. On October 4, bilateral scalene 
node biopsy a ns done demonstrating only sinusoidal hyperplasia. On Oct. 8, 1957, a repeat 
bronchoscopy' aas done by a different observer aho also reported an extrinsic deformity of tlie 
loft main bronchus. Bronchial washings from both bronchoscopic examinations were negative. 
Biopsy of the left main bronelius showed chronii. broneliitis with no evidence of malignancy. 
On Oct. 15, 1957, an exploratory thoracotomy aas performed. Careful exploration of the 
mediastinum and hilum reiealed no tumor with no anatomic reason for phrenic paralysis. 
Aside from transient urinary retention, the postoperative course aas uneientful. Repeat 
fluoroscopic examination on October 23 still showed some diaphragmatic elevation but the 
motion aas normal. The return to normal aas 8 weeks after the onset of the disease or 7 
weeks after the diaphragmatic abnormality was first detected. 


DISCUSStON 

It is possible that unilateral paralysis of the diaphragm oeeurs more fre¬ 
quently than generally suspected since most eases of pneumonia are examined 
without the aid of fluoroscopy. The physical signs of diaphragmatic paralysis 
are easily missed or overshadowed by ad.iaccnt changes, especially in the pres¬ 
ence of pulmonary inflammatory disease. The diagnosis of paralysis of the 
diaphragm is made on the basis of elevation of the diaphragm ns well as para¬ 
doxical movement at fluoroscopy. If the patient is asked to sniff sharply, the 
paradoxical motion is accentuated. 

Elevation of the diaphragm may bo due to subdiaphragmatic disease such 
as a subphrenic abscess with mechanical upward displacement of the diaphragm. 
It may also occur in the presence of severe chest pain or pleural pain or, in 
pneumonia, due to the loss of expansion as described by Wu. It may also occur 
as previously' described in the presence of a high positive pressure pneumo¬ 
thorax during inspiration. Eventration of the diaphragm may also demon¬ 
strate paradoxical motion but this is not a reversible process. In the ease de¬ 
scribed, careful fluoroscopic observation was felt to rule out the possibility of a 
subphrenic abscess as well as limitation of motion due to chest pain. There was 
no evidence of pneumothora.x, and the previous history of fluoroscopy by' a 
competent observer ruled out the possibility of an eventration of the diaphragm. 
The diagnosis, therefore, lay' between involvement of the phrenic nerve by an 
occult carcinoma or changes secondary to pneumonia. 

The physical reasons for the occurrence of paradoxical motion of the dia¬ 
phragm in the absence of definitely demonstrable mecbanical involvement of 
the phrenic nerve are not clear. This is especially true since the problem of 
thoracic dy’namics is a complicated one with many' interlocking factors. AVe may 
note, however, the mutual dependence between the muscular action of the dia¬ 
phragm and the elastic action of the lung. The contracting diaphragm at in¬ 
spiration distends the lung and on expiration, when the diaphragm is relaxed, 
the force of the lung’s clastic retraction causes the diaphragm to rise. It would 
appear that any interference in the action of the elastic force of the lung would 
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modify tlio mechanical relationsliip between the diaphragm and the lung. This 
sugge.sts a possil)le mechanical explanation to supplement the implication of 
toxic involvement of the plirenic nerve in intratlioi-aeie pulmonary disease. We 
ieel that this condition may be relatively common. Since paralysis of the dia¬ 
phragm is apparently delayed and may not occur until after the pulmonary 
findings iiave completely cleared and because paralysis of the diaphragm is 
asyinptomatic, it may not be investigated. It is our plan to follow future cases 
of pneumonia with fluoroscopy for a better evaluation of the problem of delayed 
diaphragmatic paralysis. 

SU-U.W.VKV 

A brief review of the literature is presented regarding the multiple possible 
explanations for jmradoxical motion of the diaphragm. 

A ease is presented in detail in which paralysis of the diaphragm occurred 
concomitantly with pneumonia aitd which subsided after a period of 8 weeks. 
The possibility of intlanunator>- in%-olvement of the phrenic nerve as a cause of 
diaphragmatic paraittsis is suggested. 


KioaKvk ix\: tVior- sIU'.. ^VolalsoILr. 11; o3S, 1S9S. Quoted by Bonorino and Vadone.s 
I'riedwau. B,: rnilatorat Taralysis of the Diaphrnpm_ and Lan-n.x Associated With In- 
tlauunatorv Luv.c l'i<oas»\ Thorax 5: 169-1S2. 1950. 

Bo'.w.iuv'. r. 0.' and Viuloao. A.: Tiic Pathogenic .Meclianism of tlic Kienbock Phenom- 

oneu. Am. Kov. Tubore. 20: ”41-703, 1929. _ • i j 

j Vijcoral Bi#i'!ace!ti*’ttt in Pnoimionia; Roentgenologic and Experimental Study, 

au'd^lhi'elVu.^ F.'n.: Parado-xical Movement of the Diaphragm, Am. J. 
' Ibvutgonol. 41; 920-9o0. 1939. 


LEIOMYOMA OF THE DIAPHRAGM 


/esse H Aleiedith, D ,* andH H Biadshau, AID, 

]Vmstoti Salem, N C 

T anORS of the diaphiagm are lare Reviews and collections of cases in the 
hteratiue haie been made b\ Clagott and Johnson^ m 1049, and Samson 
and Childress” ni 1950 The total nnnihci lepoited nas thntj five Since then 
theie Inie been scatteied icpmts of these lesions,®’* ivhich makes a total of 
forty tno One half weie malignant and only one was of smooth niiiselc 
ongin, a leiomyosaicoma ’ This lepoit is submitted to le emphasize the use 
of pneumopeiitononm as a coinenient diagnostic aid to locntgenogiaphy in 
the studj of those shadows, and to diau attention to the incidence of im 
lignancy in tumois of the diaphiagm 

CASF REPonr 

A 57 3 ear old noman •was admitted to the ^orth Carolina Baptist Hospital on Sept 
22, 1955, because of a progressively enlarging shadon in the left loi\cr portion of the 
chest Two previous annual films %\ero interpreted as representing elevation of the 
diaphragm She was entirely asymptomatic and rcMcw of the other sistem^t <*howed no 
abnorraahtj Thero ■^\ere dullness and absence of breath sounds in the left loTver chest 
the diaphragm descended on inspiration Posteroantenor and lateral chest films (Fig 
1) showed the shadow abo\o the diaphrngm A 1 oOO cc i>npumf)pentoncum, gi\en in 
500 c c stages, demonstrated a normal contour of the inferior surface of the diaphragm 
(Fig 2), abo\e which there was a mass, that could not be difTorentiated from the dia 
phragm The usual laboratory studies were normal 

On September 27, through the bed of the left eighth nb the thorax i\as explored 
and a 17 by 14 by 18 cm mass was found in the loner portion of the chest (Fig 3) It 
arose from the diaphragm by a G cm area and was adherent to tlie inferior surface of 
tho lung The major portion of the blood supplv to the tumor came from a large vessel 
that arose from the abdominal side of the diaphiagm The tumor was resected along with 
a 2 cm full thickness margin of apparently normal diaphragm I lie defect was easih 
closed with interrupted sutures of silk Ihc patho}ogIsP^ diagnosis was ‘leiomyoma of 
tho diaphragm ' There was no evndencc ot maUgiitmcv (Fig 4) The postoperative coursi 
•was uneventful, she was discharged on the eighth poitoporntivc day and has been ob 
served for 3 years without evidence of recurrence 


DISCUSSION 

Tumors of the diaphragm aic usually asymptomatic aud discovered as 
incidental findings on loentgenogiams of the chest Of the feu that have 
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Fig. 1 —A Postcroantoi loi nim of the cliesl. Appaient cle\ation of the left hemiclia- 
phragm is sho\\n 

B, The apparent elevation is also present The tumor Is .seen to not extend anteriorly 
as far as Is expected of the diaphragm 
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Trie- 4.—Photomicrograph of the leiomyoma. 
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caused sjniptonis, the most common complamts aie those of pulmonarj djs- 
functioii duo to displacement of the lung bj large lesions ^ The lesion in point 
was huge but asymptomatic A definite diagnosis is, of couise, not possible 
until e\ploiation of the chest and histologic studies aie complete Studies 
which define the lesion as one of the diaphiagm should be attempted In 
addition to the usual films of the chist the most satisfactoiy pioeeduies aie 
fluoioseop 3 ', piicumopeiitoneuin,^ and pnciimothoia\ The foimei two were 
used in this case and bi fai tin mou infoimation was gamed fioni intra 
peiitoneal an The lalue of pniumothoiax maj be limited bj adhesions to 
the infeiioi siiifaee of the lung llnilj tintment by lesectioii is the tientineiit 
of ehoice and is iisuallj easilj' accomplished Closiiie of the defect can be 
enhanced bj' pieopeiatne pneumopciitoiuum and/oi eiiishmg of the phienie 
neiveThe fact that one half of the tiiniois of the diaphiagm aie mnligiiaiit 
should be kept in mind when a tumoi in this aica is encoiinteied and a wide 
maigin of appaiently iioimal tissui lemoied with it 

suini in\ 

A leiomjoma of the diaphiagm was discoitied accidentally duiiiig a 
chest film suncj It was loseetcd without difficiiltj The need of eailj 
diagnosis and tieatmcnt of mass lesions of the diaphragm is stiessed The 
lalue of pnouniopeiitoncum both as an aid to diagnosis and to closuie of the 
defect following lesection is re emphasired 

ADDENDUM 

Sis months after submoMon of this niaiuistiipt for pubhcntion, roentgenograms of 
the chest revealed a. lesion of the right upper lobe This legion has been rejected and is a 
“spindle cell malignant tumor ” It is the opinion of the pathologist and the autliors that 
this 18 a metastasis from the preMoush reporud l(sion 
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THE VALUE OF BRONCHOSCOPY IN DETERMINING THE 
INOPERABILITY OF CARCINOMA OF THE LUNG 

Edward B. Benedict, AI.D.,* Boston, Mass. 


B ronchoscopy is well recognized as an important procedure in the diagnosis 
of cancer of the lung because it frequently leads to a positive biopsj’’ and to 
the aspiration of secretions for cytologic stndy.^ Bronchoscopy is less weU 
established hut of almost equal importance because of the information it may 
give regarding the chance of successful resection of the tumor. Over and over 
again the question arises as to whether or not a bronchogenic carcinoma can he 
surgically removed. Unfortunately, most patients with cancer of the lung are 
incurahle when first seen. However, the primary tumor may still be resectable 
and the patient benefited by such palliative resection. If all the evidence sug¬ 
gests that a tumor cannot be resected, exploratoiy thoracotomy can be avoided. 
Man}* factors enter into the decision, including age and general condition of 
the patient, x-ray studies, angiocardiography* and last, but not least, the 
bronehoseopic findings. 


BBONCHOSCOPIC FINDINGS WHICH USUALLY 3imVN INOPERABILITY 


It should be emphasized that a physician or surgeon who does only an oc¬ 
casional bronchoscopy is not competent to evaluate the sometimes difficult as¬ 
pects of bronehoseopic interpretation. Slueh experience is necessary. The 
following points are of special impoidance. 

Location of Tumor .—If the lesion involves the trachea, the chance of suc¬ 
cessful resection is small. 

Carina .—^Widening and fixation of the cailna usually mean tliat the tu¬ 
mor has invaded the mediastinal glands to such an extent tliat it cannot be re¬ 
moved. 


Fixation .—^If the bronchus is fixed in the region of tlie carcinoma, it often 
means peribronchial invasion of such a degree as to mean unreseetability. 


Angulation .— ^Extrinsic pressure frequently causes abnormal angulation 
of the bronchus probably due to metastatic glands or local extension of the 
growth, making resectability unlikely. 


■crnm the Surcical Services, Massachusetts General Hospital, and the Department of 
Harvard Medical School, Boston, Mass. 

Received for publication Sept. 12, 1958. 

•Assi.stant Clinical Professor of Surgrery, Harvard Medical School; Endoscopist, Mas¬ 
sachusetts General Hospital. 
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Numbers ' 

Narrowing of the bronelms may mean infiltration of the bronchial wall 
by carcinoma or extrinsic pressure from local extension of the tumor or from 
metastatic glands. If this is accompanied by some fixation it may moan un¬ 
resectability. 

In reviewing a series of 3,247 bronchoscopies in the 12-year period, 1946- 
1957, I have found 147 cases of proved bronchogenic carcinoma which I thought 
were probably inoperable, by which I meant that the chances were against sat¬ 
isfactory surgical removal. One hundred and twentj' of these patients were 
not explored. In spite of the bronehoseopist’s adverse opinion, 28 patients 
were snb.iccted to c.xploratory tboracotom.v and were found to be uni’cseotable 
in 17 instances. In 8 others, the resection was of doubtful value. 

GROUP I. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY— 
NOT OPERATED UPON 

One hundred and twent.v eases belong in this group. Some of these were 
obviously poor-risk patients from the point of view of age, general condition, 
and x-ray findings, but in many of them the additional evidence of probable 
inoperability by bronchoscopy was one of the most important factors in the de¬ 
cision against surgery. 

GROUP II. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY, 
SUBSEQUENTLY EXPLORED AND POUND TO BE UNRESECTABLE 

Seventeen oases fall into this category and were found to be inoperable 
for various reasons as follows; “tumor surrounded pulmonary artery,” “vei’y 
large malignanoj' surrounding the hilum and attached to pericardium,” 
“fixation and widespread invoh'cment of l.vmph nodes,” “hilum full of large 
nodes, adherent mediastinum,” “sclerosing mass of carcinoma found in hilum.” 
For detailed comparison of bronehoscopic findings with surgical findings see 
Table I. 

GROUP III. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY, 
SUBSEQUENTLY RESECTED WITH POOR RESULTS 

In eight of these cases, surgery was undertaken and pneumonectomy ac¬ 
complished in 6, lobectomy in 2. One of the pneumonectomy patients died 12 
days postoperatively of severe bronchitis with mucus plugs, bronchopneumonia, 
and hypertensive heart disease. One of the lohectomy patients was an asth¬ 
matic who tolerated surgery so badly that pneumonectomy could not be per¬ 
formed, and an “adequate cancer operation could not be done.” This pa¬ 
tient died of recurrence 5 months after the operation. Three of the pneumonec¬ 
tomy patients died of recurrence 3, 5, and 8 montlis, respectively, after surgery. 
A third pneumonectomy patient looked badly and had no energy 7 months 
after surgery with large, probably recurrent, nodules in the scar. Of the 2 
patients who had the longest postoperative survival, one (lobectomy) died of 
recurrence in 1 year and 4 months, and the other (pneumonectomy) died of 
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Table I (Guour II) 


REASON “PROBABLY INOPERABLE” BY 
BRONCHOSCOPY 


Case 1 


Cancer involving riglit upper lobe, right 
intermediate bronclius with extrinsic 
pressure on riglit side of trachea 


REASON INOPERABLE AT THORACOTOMY 


Tumor surrounded pulmoiuiry artery 


Casc 2 Cancer of left upper lobe, with narrow¬ 
ing, angulation, and fixation of left 
main bronchus 


Very large malignancy adherent to chest 
wall, surrounding the hilum and at- 
tached to pericardium 


Case 3 Complete stenosis of right upper lobe. Because of fixation and ividespread in- 
fixation in that area and evidence of volvcment of lymph nodes 
extrinsic pressure 


Case 4 Findings consistent witli cancer of left llilum full of large nodes, adherent me- 
main bronchus, close to carina, much diastinum 
fixation 


Case 5 Bronchogenic cancer involving entire 
main bronchus and probaldy extend¬ 
ing as high as carina, probably in¬ 
operable because of location, fixation, 
and widening of mediastinum 

Case 6 Cancer involving right upper lobe, lower 
end of trachea, right main bronchus 
and right intermediate bronchus, ex¬ 
trinsic pressure and fixation, almost 
certainly inoperable 

Case 7 Carcinoma loft main bronchus, very 
close to carina, probably invading me¬ 
diastinum and probablj' inoperaldc 

Case 8 Cancer involving tlic left main and left 
lower lobe bronclii causing some fix¬ 
ation 

Case 9 tVidening, deviation, and fixation of 
carina and mediastinum, narrowing of 
the right main bronchus and right in¬ 
termediate bronclius with fixation, nar¬ 
rowing and stenosis of the right upper 
lobe orifice, probably due to inoper¬ 
able carcinoma 

Case 10 Cancer right main bronchus, right up¬ 
per lobe orifice, right intermediate 
bronchus, probable invasion of medi¬ 
astinum and peribronchial glands 

Case 13 Left lower lobe bronchus markedly devi¬ 
ated as if from pressure on medi¬ 
astinal side 


Case 12 Paralysis of vocal cord, cancer lower end 
of left wall of trachea 

Case 13 Cancer lower end of trachea, right main 
bronchus and complete obstruction of 
right upper lobe orifice, some fixation 

Case 14 Extrinsic pressure lower trachea and 
right main bronchus and right inter¬ 
mediate bronchus, some mediastinal 
widening___ 


Sclerosing mass of cancer found in 
hilum with an outcrop of the disease 
in fungating form in the pleural cav¬ 
ity, posteriorly 


Inojicrablc because of chest wall and me¬ 
diastinal invasion 


Inoperable, primary tumor arose in left 
upper lobe near tlie hilus and all 
Ijmiph node bearing areas were ap¬ 
parently invaded by carcinoma 

Because it revealed a stony hard mass 
involving hilum 


Hurd mass in tlic right upper lobe with 
extensive nodal involvement around 
the main bronchus in the subcarinal 
area and in the mediastinum extend¬ 
ing up almost to the base of the ueck 


Extended to encompass right pulmonap' 
artery and superior pulmonary vein 
and superior vena cava 


Fluid in chest, left lower lobe completely 
atelectatic, large mass with nodules 
extending around aorta in region of 
hilum 

Invasion by carcinoma too complex 


Large mass involving right upper and 
middle lobe invading superior vena 
cava 

Matted lymph nodes in hilus of lung sur¬ 
rounded upper lobe and extending 
across trachea, metastatic carcinoma 
wall of vena cava __ 
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Tabie I—Cont’b 



I REASON ‘'PROI3ABL\ INOPERABIE*^ BY 

1 BRONCHOSCOI\ 

1 FFASON INOPFPVBLE AT THORACOTOM\ 

Ca-^e 15 

Left main bronchu'i rather fixed on both 
sides apparent!} b} a mass in the me 
diastinnm and a mass in the left up 
per Jobe, nmritcd angulation left up 
per lobe, bronchus narrowed about 1 
cm inside the orficc 

lumor left upper lobe ln^admg arch of 
aorta at tlie region of the recurrent 
lnr\ngeal nerve 

Case 16 

Cantor in^ohing loft main bronchii'' 
much fixation and displacement 

Lpitr lobe conipletclv solid and filled 
with tumor, lower lobe atelectatic, 
tumor o\erlay arch of aorta and was 
fiinih in lobules around all of the 
structures of the liilum 

Ca«e 17 

Cancer of the right mam bronchus close 
to the earina 

Firm ma<!s in region of the hiliim of the 
lung ind numerous enlarged obviousl} 
invaded l}'mph node« extending up the 
mediastinum behind the superior \ena 
cava to the ipe\ of the chest 


reemiciiee in 1 ^eal and 10 months OliMonsh these icsnlts ate not good and 
mat indicate no gioatei palliation oi simital peiiod than might hate been 
obtained In \ lat tieatnicnt, nitrogen miistaid, oi oten no tieatment at all 

OROUP IV PtTIENlS OOiNSIDERFD PROBIBLV INOPER IBLF BY BRONCHOSCOPE, 
bUBSFQUENTLE Rl SFCTFD MITH OOOD RFSULTS 

Tmo oases fall into this categoij and icpiesent bioiiclioscopie mismterpre 
tation One of these ocouiied eaily in the senes (1946) in a patient thought to 
be probably inopeiable because of angulation and fixation of the left main 
bronchus tnth paialjzed right local coid Foitiinately, in this patient, the 
ladiologist had leported onli a “collapse of the anteiior inferioi segment of 
the left uppei lobe piobablj due to bronchogenic caicinoma ” At the time of 
surgciv by Di R H Siieet, a left pneumonectomy iias accomplished and the 
patient is aliie and veil non, 12 icars latei This bionchoseopic eiror ivas 
explained at opeiation as being due to seieie acute pneumonitis iiith a large 
number of enlarged limph glands at the left hilum The reciiiient laijngeal 
neiie iias not iniohed The pathologic repoit iias epidermoid caicinoma 
grade 3, chionie pneumonitis, legional nodes ncgatiie foi caicinoma 

The other patient, alive and Tiell 7 seals aftci pnenmoiiectomi b\ Dr Goidon 
Scaiinell, lepicsents a mistaken eialiiation bj bronelioseopx, nheie, because 
of marked angulation, narroning, and fixation, I thought the tuiiioi nas— 
“piobably imading the inediastiniini JIx impiession is that it is piobablj 
inopeiable If surgeii is to be attempted, I belicie pneiimonectomj noiild be 
necessary” The xiay inteipretation nas “piiinan bionehogenic tumoi of 
the left upper lobe, enlargement of at least nodes in the left lung root ” The 
surgical consultant made the following excellent eialuation, "Both the x rai 
studies and bronchoscopy icpoit are unfavorable as regards opei.ibilitj Both 
of these methods of evaluation, hovievci, are not 300% reliable in this regaid 
because super imposed infection may contribute to the obsened changes Doi 
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these reasons and beeanse alternative methods of treatment offer so little I would 
not consider this lesion inoperable without a tlioraeotomy." The assistant 
resident also noted, “this man is so ‘ivell’ and in such good condition generally 
that he should have every possible opportunity for definitive surgery.” At the 
operation a “large nodular tumor was encountered in the medial aspect of the 
left U])per lobe involving the pulmonary artery close to its emergence from 
the mediastinum. Therefore, an inlrapericardial approach was used and the 
left pulmonary artery, left superior pulmonary vein and inferior pulmonary 
vein secured -without difficulty at this level. . . . Excellent exposure was obtained 
throughout, and it Avas unlikely that a resection could haim been done unless 
this were done intrapcricardially, but at this level the exposure and the ease of 
access Avere entirely satisfactoiy.” 

DISCUSSION 

The physician or surgeon avIio is treating cancer of the lung Avould like to 
knoAV as certainly as possible Avhether or not it is Avorth Avhile to offer his pa¬ 
tient exploratory thoracotomy. ]\rany factors are involved in the decision, in¬ 
cluding the patient’s age and general condition, the x-ray appearance of the 
tumor, the patient’s Avillingness to undergo ma.jor surgery, and sometimes the 
angiocardiographic findings. Very often the surgeon expects no more than 
palliation even from a pneumonectomy. Definite help can be obtained from 
bronchoscopy. In 120 out of the 147 cases in this series (SI.6 per cent), the 
bronchoscopic study plus the physical and x-ray findings Avere so unfavorable 
that surgery Avas not done. In 17 other cases (11.6 per cent), the bronchoscopic 
repoii; Avas unfaA'orable but exploratory thoracotomy Avas performed anyway 
and the tumor proved to be unresectable. In 8 cases (5.5 per cent), resection 
AAms possible in spite of the unfaAmralilc bronchoscopic report; hoAvever, the 
surgical result Avas poor both as regards palliation and length of surAUval. In 
the remaining 2 cases (1.4 per cent), the bronchoscopist's .iudg-ment Avas in¬ 
correct and the tumor Avas resected Avith a very good result. 


CONCLUSIONS 

In experienced hands, bi'onchoscopic evaluation of the extent of bron¬ 
chogenic carcinoma and its probable inoperability is very important. 

In this series of 147 cases, the bronchoscopic accuracy, as I’egards inopera¬ 
bility, Avas 98.6 per cent. 
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A SIMPLE METHOD FOR THE INDUCTION OF TOPICAL 
LARYNGO-TRACHEO-BRONCHIAL ANESTHESIA 

Thomas E. Starzl, Al.D., and Edward P. Cruzat. A!.D., Chicago, HI. 


I N t!ie past wc have performed diagnostic bronchoscopy on a group of para¬ 
plegic patients in whom the induction of topical anesthesia in the usual 
way was difficult. For those paticnt.s, a method of applying local anesthesia 
was developed which was so effective and simple that it has become our pre¬ 
ferred technique in the preparation of all adult patients for endoscopj’ or 
bronchography. Anesthetization can be done very quielcly and effectively. 
This method has been used approximately 150 times with no major or minor 
complications. 


-METHOD 


The patient may be either lying or sitting. A No. 12 or 14 plastic catheter 
is passed into the trachea by the nasotracheal route in the same wa}’ as if 
nasotracheal suction were to bo carried out.* No difficulty will ho encountered 
in passing the catheter if it is advanced slowly until the tip lies just above th. 
glottis as judged by the passage of air through the catheter with each respiia- 
tion. The tip is then quickly passed into the upper trachea when the pat nt 
coughs or takes a deep breath (Fig. 1, A). At this time some patient- uill 
have paroxysmal coughing so that it is necessaiy to have the local anf-.’lietie 
ready for immediate instillation. A syringe is attached to the cathi ’ r. and 
3 to 5 e.c. of 5 per cent cocaine is injected slowly over a 5-minnf' period, 
talcing care that the plunger is firm]}' held (Fig. 1. A) to prevent it- . \pulsion 
from the s}'ringe barrel. When the first portion of the cocaine - injected, 
coughing is induced but the cough reflex is rapidly obtunded i i- r the ffisc 
1.0 c.c. or so of cocaine has boon instilled. 

If bronchograms are to be obtained, the catheter is pla^ .-d in p.-sSl" 
under fluoroscopy. If bronchoscopy is the objective, the i aheter i- 
drawn and the bronchoscope can be passed immediately. In either ' 
anesthesia is excellent. No additional hypopharv-ngeal am ^thesi-' 
since the cocaine is coughed up into this area from tin traei-:r 
instillation (Fig. 1, B). 


From the Department of V 
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Figr. 1.-—A, Nasoti-acheal ln.stlllation ot cocaine. Note firm control of syringe barrel to 
prevent expulsion during coughing. 

B, Dissemination of cocaine by coughing, with resultant oropharyngeal anesthesia. 
DISCUSSION 

The present method employs the same princijile as transtracheal anes¬ 
thesia- in which the topical agent is introduced into the trachea from where 
it is disseminated into both upper and lower air passages by respiration and 
coughing. Certain advantages are apparent in the present method, however, 
including the avoidance of needle puncture of the trachea, and the opportu¬ 
nity of making a slow injection of the drug. 

The routine use of the descrilied technique has considerably reduced the 
period of preparation for bronchoscopy or bronchography'. In almost every 
instance the patient is ready for study Avithin 5 or 10 minutes after arrival 
in the operating room. 

A number of patients in this series had had preA'ious bronchoscopy or 
bronchography after the induction of topical anesthesia by the usual means. 
Without exception, these patients haA'e expressed a preference for the de¬ 
scribed method. 
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POTASSIUM, MAGNESIUM, AND NEOSTIGMINE FOR 

controlled cardioplegia 

A Report of Its Use in 34 Patients 

W''/// C. Sealy, Al.D., W''. Glenn Young, Jr., Al.D., Ivan V^. Brown, Jr., Al.D., 
Jerome S. Harris, Al.D., and Doris H. Alerritt, /II D., Durham, N. C. 

I N 1956 the first of a series of studies* was reported by the authors on the 
feasibility of using induced cardiac standstill ns an adjunct to open-heart 
surgery. Subsequently, other experiments' were outlined using the isolated 
cat heart to monitor many different cardioplcgie substances. These studies re¬ 
vealed that a solution of potassium citrate, magnesium sulfate, and neostig¬ 
mine (Prostigmin) constituted the most efficient cardioplcgie agent. This 
technique was then used successfully on the dog with the addition of extra¬ 
corporeal eireulation and hypothermia.’ The favorable experimental results 
then permitted its trial on patients. This method of induced cardioplegia has 
now been used on 34 patients undergoing right ventricular exploration, and 
the experience with these patients is the subject of this final report. 

METHODS 

The cardioplcgie solution contained potassium citrate, 0.81 per cent, and 
magnesium sulfate (hydrated), 2,46 per cent, made in distilled water which in 
tuni made an isotonic solution. Just before use, 1 mg. of neostigmine per 100 c.c. 
was added. 

The electrocardiogram was monitored throughout the immediate pre¬ 
washout and post-washout periods and during the standstill. The time for 
complete standstill to occur after injection, the time of standstill, the time of 
occurrence of a strong rhythmical beat, and the return of sinus rhythm were 
all noted. 

For injection of the cardioplcgie solution, the ascending aorta was oc¬ 
cluded above the coronaiy arteries. A curved No. 18 needle was placed in the 
aortic lumen, the aorta occluded, and then the solution forcibly injected into 
the coronary arteries. At the end of the intracardiac procedure, the occluded 
aorta was released, and the extracoiqjoreal perfusion washed the cardioplcgie 
compound from the heart. 

From the Department of Sur^erj’ and Pediatrics, Duke University School of Medicine. 
Durham, N. C. 

Aided by a research prant (H-1782 C2) from The National Heart Institute of National 
Institutes of Health, U. S. Public Health Se^^♦ICe. 
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Extracorporeal circulation ^'as maintained by means of a modified DeWall 
oxygenator and a finger ocelnsive pnmp;‘ In the first 8 patients, however 
plastic bags were used for oxygenation. In the initial 12 patients of the 
series, external body cooling ivas employed to induce the state of hypothermia 
while in the remainder this was both induced and corrected by direct cooling 
.yid rewarming the blood with a BroAvii-Emmons heat exchanger® incorporated 
in extracorporeal system. Details of this tcehnique have been described else- 
where.« Temperatures of from 28.5° to 30° C. were sought, and the rates of 
perfusion of 25 e.c. per Idlogram in adults and 50 c.c. per kilogram in children 
were usually employed. 

results 

In the 34 oases, 3 were complicated neonatal lesions. The heart was suc¬ 
cessfully stopped and restarted in all, but the patients died either on the 
operating table or within the fii-st few hours afterward. 

In the remaining 33 eases, there were 22 ])atients who survived (Table 
I). In none of the fatalities was the induced cardiac standstill thought to be 
a major factor influencing the outcome. Four of the deaths occurred on the 
operating table. In all, the heart was successfully stopped and restarted, 
but death occurred in one because of an unrecognized aortic stenosis. In 
another, the aortic stenosis was produced by the closure of the ventricular 
defect in a patient ivitli tetralogy of Fallot with a marlced dextroposition of 
the aorta. The remaining patients had w’hat was considered to be an irrever¬ 
sible pulmonary hypertension and resistance, and all had had episodes of con¬ 
gestive failure. With the exception of one patient who died from heart block 
14 days after surgery, the remaining patients died in the first 36 hoin-s after 
operation from factor.s related primarily to their disease. 


Table I. .Svrvival Data on 31 Patients Submitt’ed to Pioiit Ventkiculotomv 

AND CaKDIOI’LEGIA 


diagnosis 



NO. 

DICI> 

COMJIENT 

I.V. pulmonary pressure less 
than 80 per cent of aortic 
pressure 

14 

11 

3 

1 (lied in 12 days from heart 
block 

2 patients over age 23 liad re¬ 
cent congestive failure 

I.V. pulmonary pressure 80 per 
cent or greater than aortic 
pressure 

0 

3 

3 

1 had associated aortic stenosis 

Tetralogy of Pallot 

n 

8 

3 

2 patients over age 25 and 1 
recent congestive failure 

1 patient died because of ob¬ 
struction to aorta 


The efficiency of this solution in inducing cardioplegia is shown in Table 
II. In earlier patients, due to faulty injection technique, larger amounts of 
the eardioplegie solution Avere used than haAm been needed in later patients. 
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Standstill occurs promptly; and, when injected under adequate pressure, 
amounts of 30 o.c. to 50 c.c. arc usually adequate. In 80 per cent of the in¬ 
stances, cardiac arrest occurred promptly, usually within the first 30 seconds. 
In the remaining 20 per cent, there was a delay of 60 to 120 seconds. This 
delaj' was very likely due to the laelf of ad<'quate prc.ssui'e in perfusion of the 
coronary arteries. 


Table II. CAKDiorLEorc Dapa on 31 Patients 


AMT. KMP 

(c.c.) j 

TIME FOR . 

ARREST (SEC.) | 

TIME 

BEAT 

FIRST 
(SEC ) 

TIME KEGUJ.AR 
BEAT* (SEC.) 

j TIME 

1 nilYTIIM 

SINVS 
* (MIN.) 

AVG. 

1 LO\V- 
1 HIGH 

1 1 

I AVG. , 

LOW- 

nioii 

AVG. 

LOW 

HIGH 

AVG. 

LOW 

HIGH 

AVG. 

LOW- 

HIGH 

54 

25-100 

15 

10-66 

20 

10-66 

142 

20 600 

7 

4 12 


*21 patients whose hearts aid not abnllatc. 


Following standstill in 24 of the 34 patients, the heart action returned 
promptly, usually in 29 second.s. Ten of the patients developed ventricular 
filirillation just after opening the eoronaiy arteries. Nine of these 10 hearts 
were successfully defibrillated by electrical .stimulation; while the tenth spon¬ 
taneously resumed normal rhythm. Strong foreeful beats developed on an 
average of 2V6 minutes after washout; while normal sinus rhythm appeared 
in approximately 7 minutes. Post-washout ari’hythmias otlier than fibrillation 
were not striking. One patient had a persistent heart block which caused the 
patient’s death 12 days after surgery. Perfusion rates, temperature, and oc¬ 
clusion time in 31 patients are .shown in Table III. Temperatures as low as 
28.5° C. have not interfered with the correction of ventricular fibrillation 
when hypothermia was employed with the assistance of extracorporeal circu¬ 
lation. 


Table III. PEnrusioN Data on 31 Patients Submitted to Right Ventriculotomy and 

Cardioplegia 




TEJIPEPnATURE 

c.) 

ri.ow ML./ 
KG./MIN, 
(MI.) 

DURATION or 
PERFUSION 
(MIN.) 

DURATION 

CORONARV 

OCCLUSION 

(MIN.) 

DIAGNOSIS 

NO. j 

PATIENTS 

AVG. 

LOW- 

nioii 

AVG. 1 

LOW- 

HIGH 

AVG. 

LOW. 

HIGH 

! 1 LOW- 

AVG. [ HIGH 

Ventricular septal 
defect 

20 

30.6 

28 30 

49 

26-63 

34 

16-55 

15 7-21 

Tetraloft^y of Fallot 

11 

30 

26-32 

47 

.33-65 

45 

.30 65 

23 11-3S 


DISCUSSION 

The surgical advantages of induced cardiac .standstill are obvious and 
have been discussed in previous papers. 'Whether or not these benefits out¬ 
weigh the disadvantages of prolonged ischemia and possible local toxic action 
of the solution is still not proved. Laboratory studies by the authors on the 
dog indicate that it mil safely permit 45 minutes to an hoiir'of'coronary 
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occlusion when the heart is eold. The clinical experience reported here is inter¬ 
preted as confirming our laboratory finding. The recent report of Sloan and 
colleagues/ using only potassium and magnesium for cardioplegia at normal 
body temperatures, is further evidence of the safety of this method. 

A combination of potassium citrate, magnesium sulfate, and Prostigmin 
together appeared to be a more satisfactory eardioplegie when tested in the 
laboratory than potassium citrate used alone. Acetylcholine is not considered 
a eardioplegie. The use of two cardioplegics with difCercnt modes of action 
was sought both for possible synergistic action and reduction of the concen¬ 
tration of both electroljdcs needed for effective action. The potassium ion 
most likelj' acts at the cell membranes, blocking the polarization of the cell, 
while the magnesium ion probably inhibits the energy transfer mechanism 
in the heart muscle. Pi’ostigmin was added because of its vagotonic efiect 
which woiild tend to prevent fibrillation during hypothermia and allow a slow 
heart rate in the immediate post-washout period. 

When this Avoi-k was first begun, it was postulated that the major prob¬ 
lem to be solved was the control of vcntrieiilar fibrillation in the eold heart. 
As has been pointed out in previous papers, this was one of the reasons for 
searching for a method of cardioplegia. These fears have proved unfounded, 
for in no instance has it been difficult to defibrillate a heart when using hypo¬ 
thermia combined with extracorporeal circulation. This problem is not com¬ 
parable to the irreversible ventrteular fibrillation that may develop in patients 
with hypothermia and complete cireulatoiy standstill. In fact, the hypo¬ 
thermia is considered to be beneficial, for experimental evidence, already re¬ 
ported from this laboratory as well as studies of Gollan,® suggests strongly 
that the cold nonbeating ischemic heart remains in a better functional .state 
than does the warm nonbeating ischeinic heart. 

A combination of hypothermia and extracorporeal circulation has other 
important effects that have to be considered in the interpretation of the re¬ 
sults of this eardioplegie technique. Even the nonworking heart, after a long 
period of ischemia, may not recover completely if the metabolic state of the 
remainder of the body is poor. The heart then may not be able to compensate 
for its own debt and that accumulated by the whole organism. In this re¬ 
gard, it is of interest that others have reported, during hypothermia, serious 
rhythm disturbances following vena caval occlusion even though perfusion 
was maintained in the coronary system.® One of the requisites for use of 
cardioplegia is an adequate system of maintaining good oxygenation of the 
entire body. 

Certain technical problems encountered in using this technique warrant 
emphasis. It is imperative that the eardioplegie solution be injected in the 
coronary artei’ies with enough pressure to cause closure of the aortic valve. 
If this is not done, poor perfusion occurs and the heart may not be brought 
into complete standstill. The problem of distention of the left side of the 
heart after closure of the shunt has not been a problem with the patients out¬ 
lined here because of the reduced flow rates employed, although this is an 
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important consideration. It is of utmost importance to assist the circulation 
by continued pm-fusion after the period of cardioplegia. Because of the neces- 
sit 3 " of this, the technique is now emploj'cd of placing one venous catheter in 
the femoral vein and the arterial catheter in the femoral artery so that per¬ 
fusion can be continued for as long as desired after the washout. It is not 
unreasonable to c.xpect a metabolic deficit of the heart to be such that several 
minutes arc required before it returns to a rclativelj' normal state. 

CONCLUSION 

A combination of potassium, magnesium, and Prostigmin has by clinical 
trial proved to be an effective and safe cardiopicgic technique when used in 
combination with hj’pothermia and extracorporeal circulation. 

ADDENDUJt 

Since preparation of this manuscript, 10 additional patients wth either tetralogy of 
Fallot or interventricular septal defects have been operated upon, using the above techniques 
for cardiac standstill. There were no deaths. 
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OBTURATORS FOR EXTRACORPOREAL CIRCULATION 
CANNULAE 

Edtvard A. Filch, and Charles P. Bailey, AID.,** Philadelphia, Pa. 


M axy types of ]iearl-lung machines ave currently in clinical and experimental 
use. There is an almost innumerable number of combinations of these 
machines ■with the various techniques and accessories of which they are the inte¬ 
gral part. Complete and partial cireulatoiy b^^pass of the heart and lungs, 
right or left heart b,^'pass, autogenous lung preparations, segmental aortie by¬ 
pass, and organ and pai-tial body perfusion are a few of the basic circulatory 
schema that have been devised. When filters, depulsators, flow meters, etc., are 
incorporated into the circuit, the possibilities become complex indeed. 

A. 





B. 

Fig 1 —and B, The smaller obtiiratois clip onto the catheter''! adapter and occlude the 

distal perforations to pretent blood loss 


The problem of cannulation, however, is one item that is common to all 
systems. Even here, dozens of techniques involve cannulation of various vas¬ 
cular structures and cardiac chambers. Manj'’ types of tubing are suitable for 
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cannxilation pin poses, but peihaps t}ie one in most iviclcspread use in tins coun- 
txy is the Bardic catheter.® Eaily in onr es.pcrienee inth e\tiacorporeal cir- 
eints, it became obvious that some mcehamea! aid in tlie introduetion of the 
canimlae was desirable This is paitieulailj tiuc iii four instances 

First, a common problem is the cncouiiloiing oi obstiucting trabeculae in 
the light atrium and the atrial appendages Second, the accurate placement of 


A 



n 

Figr 2 —A and B, Larger si 2 ps incorporate a shoulder to occlude the flared proximal end of 
the Ccatlieter A distal plug Is added to occlude the perforations 

catheters in a site remote fioin the point of intioduction is often frustiatmg, 
such as the caiiinilation of the ^enac caiae or the eoioiiaiy sinus after penetra¬ 
tion of the atrial wall. Third, canmilation of a vascular chamber deep in the 
depths of the wound must bo done “at a distance,” and this is often difficult 

•C R. Bard Co , Summit, N J 
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■wntli a flaccid catheter. Last, due to the multiple perforated nature of the 
catheter tip, blood loss is frequently encountered during introduction by the 
passage of blood from an intravascular perforation to an extravascular one. 

An instrument^ was devised by one of us (E. A. F.) to overcome all of 
the above-mentioned problems. This obturator was made specifically for use 
with the stock models of Bardic catheters. Its design varies slightly uath the 
different sizes of catheters. The two common features of all the obturators are 
an annealed eop 2 ?er shaft and a suitable handle. In the smaller sizes (10 Fr. 
through 20 Pr.), the copper shaft itself provides the occluding mechanism for 
the multiple perforations. A clip mechanism fixes the adapter snug against the 
butt plate of the handle, preventing slipping of the catheter on the shaft, and 
further blocking an,v blood which may escape to the end of the catheter. 

As the sizes of the catheters increase (22 Pr. through 40 Pr.), a length of 
stainless steel plug is added on the end of the copper shaft to occlude the distal 
perforations. The end of the obturator extends slightly beyond the distal end 
of the catheter. This rounded point pi’ovides for easier introduction of the 
larger sizes. 

The larger sized catheters (30 Pr. through 40 Pr.) are not equipped with 
commercial^’' attached adapters.' Rather, the proximal end is slightly flared. 
An adaptation of the proximal end of the obturator consisting of a rounded 
shoulder to plug the flared end of the catheter is provided. This fits snugly 
into the catheter and serves the same puiqjose as the clip on the smaller obtura¬ 
tors. 

The handle of each obturator is stamped with the size of the catheter for 
which it is designed. A bit of water soluble lubricant or mineral oil applied to 
the shaft allows easy withdrawal of the ol)turator. The instrument transforms 
a flexible, collapsible, kinking catheter ijilo a semi-rigid shaft for leisurely can- 
nulation. 

•Obtainable from G. P. Pllllne & Sons Co., Phnaaclplila. Pa. 



THE RELATIONSHIP BETWEEN PERFUSION BLOOD 
TEMPERATURE AND AVAILABLE VENOUS RETURN 
DURING EXTRACORPOREAL CIRCULATION 

Evan F Lmdberg, /¥ D ,* Augusta, Ga 


S ETCRVL types of mcohaiHcal eiieulation pump o\jgenatois have been de 
■veloped which allow the sueeessful bypass of the hcait and lungs in both 
dog and man The changes iii hematological and biochemical iioimalitj of the 
blood, pi oduced by the pump, hat e been studied repeatedly ^ “ The phj siologic 
iniportance of some of these changes still remains unexplained .Since An 
dieason* first deseiibed the sunital of dogs aftei the total fiotv was restiioted 
to that from the azygos tein foi 30 minute peiiods, imestigatois hate tried 
to dotoimine tvhothci a low flow late oi a rate of flow near noiinal would pio 
diice the best lesults foi the suigcon Those who piefei to woik with the 
“high” flows discotered that with the institution of the bypass, the tenons 
letiiin fell shaiply and the pump output was consequent!} below that of the 
resting eaidiac output Most of the gioiips liate employed tiansfusions of 
what appeal to be laigo quantities of blood to ensiiie an adequate pumping 
late Recently some iiitcstigators hate tuiiied then attention to the factois 
which contiol the late of tenons letuin,' “ since this has been the majoi limita 
tion on the ai ferial output fioin the pump 

The origin of this fall in tenons return may lie in the size of the cannulae 
which hate been used for catal drainage, oi it may lefleet a peiipheial pooling 
of blood perhaps i elated to the iiici eased resistance of this tubing It has been 
demonstrated that a raodcinte iiicieasc in central tenons pressuie, pi oduced 
by a small inciease in resistance, lesulted in a seiious cuitailment of venous 
leturn and an irieteisible shock state ' 

At the stait of the piesent bypass expeiiments, this decioase in tenons 
retuin was always piesent Fuither, in many eases, the expansion of the eir 
dilating blood tolume by aiterial transfusion icsiilted only' in a temporary 
increase in tenons letiiiii An incidental obseitation made was that those 
animals who weic most lefraetory to the tiansfusions weie those which showed 
an appreciable diop in leetal tempeiatuie tVhile this might be attiibiited to 
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a low rate of peripheral blood flow, it called to mind the experiments of Gollan 
hlos, and Sehuman^ which demonstrated a clear parallel between body temper¬ 
ature and the rate of venous return to the heart. 

Hieiefore, three types of experiments were conducted, 

Ghoup A; To find whether the failure of venous return was due to loss of 
plasma or blood from the circulation, Ave measured the dog’s blood volume 

(using T-1824 dye) liefore and after the institution of the extracorporeal 
circulation. 

Ckoup B: To oliserve the venous return at different perfusing blood 
temperatures, the liypass was instituted and the rate of venous return recorded 
as the perfusing blood temperature was altci-ed. 

Guoup C: To test the ability of blood transfusions to increase the rate 
of venous return, known quantities of blood were transfused Avith the perfusing 
blood temperature hold at different IcAmls. 

METHODS 

iVIongrel dogs, Aveighing fl to 21 Kg., Avere ])remedicated A\ith morphine 
(10 mg./Kg.) and anesthetized Avith sodium pentobarlntal (20 mg./Ivg.). A 
No. 20 Fr. catheter, Avhich Avas to reeeiA'c the pump outfloAv during perfusion, 
Avas passed into the iiroximal end of the left common carotid artery. The 
control studies, listed in detail beloAv, Avere made and the chest Avas entered 
through a right fourth intercostal space incision. Respiration Avas maintained 
AAuth intermittent positive pressure. Loose ligatni’cs ivere placed around the 
superior and inferior venae eavae. The animal Avas given 3 mg. per kilogram 
of body Aimight of heparin. I'he inferior A'cna cava Avas cannulated AA’ith a 
No. 26 Fr. catheter through the right atrial apiiendage, so that the catheter 
tip lay 2 to 3 cm. above the diaphragm. A No. 24 catheter Avas placed 3 to 4 
cm. into the superior vena cava thi-ough a stab incision in the right atrial Avail 
and secured A\dth a purse-string suture. The pump tubing Avas filled Avith 
1,100 c.c. of heparinized donor blood collected from unanesthetized dogs, and 
connections Avere made Avith the recipient’s eannulac. A Model T-69 Sigma- 
motor pump Avas used for these experiments. All measured blood loss from 
surgery and sampling Avas replaced prior to starting the perfusion. As the 
bypass began, the caA'al ligatures Avere tightened around the cannulae so that 
all caAml and az 3 ^gos blood entered an alreadj- established siphon column into 
the Amnous pump reservoir. The level of this siphon reservoir kept the venae 
caA'ae flaccid but not collapsed. The caval cannulae Avere adequate to siphon 
three to four times the floAvs encountered in these experiments. Prom the 
siphon resei’A’oir the blood Avas pumped into a DcWall bubble-type oxygenator 
.sj'stem.® "With the A^enous pump running at a rate exceeding Amnous return and 
the infloAv tube to the Amnous pump placed above the end of the siphon column 
(Fig. 1), the siphon Avas maintained by a constant level of blood in the reser¬ 
voir. From the oxygenator and defoaming chamber, the blood floAA'ed into a 
calibrated helix reservoir. Thus, the exact amount of extracorporeal blood 



Ulumc37 PERrnSION BLOOD TEMPEBATUEE AND VENOUS RETURN 
N ml cr 5 


6G5 


could be calculated at auy gi\ en moment Radiant heat lamps were vised to 
Maim the blood as it tloMod thiough the helix The blood was then pumped 
into the eaiotid aiteiv cannula, thus completing the bypass of the recipient’s 
heait and lungs The flow values duiing peifusion Moie taken fiom the v einiei 
scale on the aiteiial pump This pump was cahbiated lepeatedlj, and outputs 
found to be consistent at the pressures piesont in these expeiiments A 2 to 5 
minute period of adjustment of the artcinl pump output to equal the venous 
1 etuiII Mas neecssaij so that a constant level could be maintained in the reser 
von and the venous letuiii would be equal to the late of flow from the pump 



This obviated any change in the animal’s blood volume due to addition oi 
subtraction of blood by the pump The studies duiing peifusion were then 
peifoimed foi comparison with the control period, and, upon their completion, 
the animals vveie saeiifiecd Two successful suivival expeiiments weie per 
formed as a clinical test of the equipment After each expeiimeiit, all tubing 
and fittings which were in contact vvath the blood were cleaned with Haemosol 
and soaked m a solution of Zephiian bcfoie le assemblj 

In all the expeiunents, a tontinuous iccoid of icctal tempeiatuie was 
taken on a IVekslei lecoiding theimoinctei 

Splenectoiiij was acutelj peifoimed on all dogs in the Gioiip A and the 
Gioup C expeiiments, where an attempt was made to do blood bookkeeping 
In the foimei, small polvethjlene caimulae weie passed thiough the light 
femoial arteij and vein into the abdominal aoita and infeiior vena cava to a 
level above the leiial vessels Piessnies measuied thiough these canmilae bj 
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Statliam strain gauges Avere reoorcled on the Sanborn Twin-Viso. Zero refer¬ 
ence level for all pressures was that of the right atrium. Two small eannulae 
were also placed into the superioi* vena cava via the jugular vein; one Avasused 
for the dye ijijcetions A\diile the other acted as a conA'enient site for sampling 
of superior vena cava blood. To measui-c the control cardiac output, a slug 
injection of T-1S24 dye A\’as made into the superior cava and artei-ial samples 
Avere collected during the initial circulation of this dye. The dye concentra¬ 
tions in plasma from these samples Avere determined on a spcctro])hotometer 
and the con1i-ol cardiac output calculated using the method of ITamilton and 
associates.’” Samples Avere taken from the three ])olyethylene eannulae for 
hematocrit and ])lasma specific graA'ily detei-minatious both during control 
and perfusion periods. 'J’he gi-avity stiidies Avere made using the falling drop 
technique of Barbour and Hamilton.” The blood for the hematocrits Avas 
placed in "Wintrobe tubes and spun at .I.OOO r.p.m. for 30 minutes. These A^ahies 
Avere also obtained foi- the donor blood .so that the expected changes could be 
calculated AA'hen the extracorporeal blood Avas added to the circulation. Plasma 
Amlume Avas measured by dividing the knoAvn amount of 3'-lS24 blue dye in¬ 
jected by the average concentration in pla.sma samples AvithdraAAUi at intci’A'als 
of 10, 20. and 30 minutes. Processing of these samples has been described by 
Doav and Pickei-ing.’- The blood A'olume Avas then calculated by diA'iding the 
plasma volume b.v 1 minus hematocrit A'alue. On the assumption that only the 
“central” blood volume Avould be increased by the quantity of blood in the 
extracorporeal circuit, no F-cell correction of the initial hematocrit reading 
Avas made.’^ When the maximal rate of perfusion had been established in the 
manner described above, the blood volinne, plasma specific gi-aAdty, and hema¬ 
tocrit determinations Avere repeated. In order to mcasxu’e the animal’s blood 
A'olume during bypass, it Avas neee.ssary to .subtract the quantity of blood in 
the extracorporeal unit from the amount measured by the dye. Total periph¬ 
eral resistance Amines AA'erc calculated by dividing the mean arterial pressure 
by the floAv in cubic centimeters pei- kilogj’am jiei’ minute, as measured either 
by the dye injection method during the control ])eriod or by the arterial pump 
output during perfusion. 

In the Group B experiments the arterial and Amnous pressures Avere re¬ 
corded by Plamilton optical manometei-s. Instead of a polyethylene cannula, 
a long metal sound Avas passed up the aorta from the femoral 'artery to the 
aortic arch and central pressure pulses obtained. The cardiac outputs Avere 
calculated from these tracings using the method described b 3 '’ Remington.” 
FolloAving the caAml cannulations the bjqjass AAms instituted in the same manner 
as in the Group A experiments. The perfusing blood Avas then Avarmed bj’' the 
heat lamps or cooled bj^ perfusing Avithout any external source of heat, and 
the changes in floAv rate, as determined l)y the A'enous return, Avere recorded. 
The perfusing blood temperature ranged from 94° to 106° F. As in the pre- 
Adous group of experiments, no change in the animal’s blood A'olume was 
effected by the pump itself. 
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Tlie lesults fioiu foui Gioup B c\pcnmcnts aio shown m Table III Once 
again the peifusion i allies aie lelatcd to the contiol peiiod values The leotal 
tenipeiatiiie iias usually 1° F less than tint of the peifusing blood and fo! 
lowed the changes in the blood temjieiatmc closely Dining peifusion, when 
the blood tcinpciatiiie was laiscd, an iiuuasc in venous letiun followed, when 
the blood tenipeiatiire was lowend the i ite of venous return decreased It 
should be imphnsired that the pump output was alteied to match these changes 
in iciious letiiiii and thcieby pi event a eliuige iii the animal’s blood volume 
Depending upon the amount of blood in tin iiiciiit, a 5 to 15 minute peiiod 
was leiiuned to effect these eliiiigis in blood tempcratiiie In those expeii 
meiits 111 which the blood tempei iluii w is laisid, the flow increased to a 
degice gieatei than the iiicii ise in ntiml pitssiiie so that a deeiease in total 
peiipheial lesistaiico iisulted Ih< ail ml pitssiire fell less than the flow 
deei eased in those oxpeiimeiits in wl idi the ) ttliision blood tempei atm e was 
diopptd and, thus an iiuieasi in tot il piii|iheial resistance was the lesiilt 
Expeunieiit 4 begin with a high Ido d fi i ipeiatuie which was incieased even 
iiioie and the iiicieise in vf nous h tin n viill <curied 

Table IV lists the usiilts i f tin Gioui ( e\peimients in which the effect 
of a tiansfusion upon the lati ol vinous utmn was studied in animals having 
diffeiont peifusing blood faiul mtan teinpirafmes In Expeiimeiit 25 the 
institution of the bvpass oausid i deiiease in flow (oi lato of venous lotuiii) 
from 135 to 44 c o /Kg ^min (roliimiis 1 ami 3) I tiansfusion of 32 e e /ICg 
of blood (Column 5) was thui made fiom the lieli\ leservoii There was an 
immediate tiansieiit use m vinous letiiin but bv the end of 3 mniutes the 
flow rate had letuuied to 46 e e dfg /mill (Column 6) a value essentially the 
same as befoie the tiansfusion That the amount of blood tiansfiised was still 
present in the ciiciilating volume was shown by the incieasc in blood volume 
as nieasiiied bv dvc Hence the sum of the initial blood volume (Column 4) 
and the tiansfusion volume (Column 5) was 121 e c /Kg as coinpaied with the 
ineasiucd total volume of 124 c e /Ivg (Column 7) Evpeiiment 26 dupheated 
the last except that the peifusing blood temperature was 102° P instead of 
95° r Once again there vv is i diop m flow late as peifusion began The 
effect of the tiansfusion of 76 cc/Kg on the venous letiiin was immediate 
and, with this waiin blood, the flow latc was maintained above eontiol levels 
Once again the change in ciiciilatiiig volume vvas quantitatively shown b} the 
dje volmne ineasureuient (Columns 9, 10, and 12) The last two expeiiments 
fuithei domonsti ated that the tempeiatiue of the peifusing blood vvas verj 
important if an inciease in flow late vvas to be maintained by tiansfusion In 
Expeliiiients 26 and 29, the tiansfiLsion into hot lecipients laised the flows to 
the lange of the contiol caidiac outputs AVhen this vvas achieved, the total 
pel ipheral i esistance figui es vvci e also close to the conti ol values 

DISCUSSION 

The xesults of these expeiiments ebmmated some of the possible explana 
tioiis foi the decreased late of venous letuin to the extiacoipoieal eiidilation 



Table III. The Effects of Perfusion Blood Tempekatuke on Venous ]iEturn (Blood Voi.ume Kept Constant) 
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It was aiipareiit that mechanical blockage of the venous return by the drainage 
caunulae was not a problem since the pressures recorded in the upper abdom¬ 
inal vena cava were either low or negative. In addition, it was possible to 
increase the rate of venous return by raising the temperature of the perfusing 
blood. 

Thus, it was evident that, with the institution of the bypass circuit, the 
amount of blood available to the caval cannulae decreased almost immediately. 
There was an associated increase in total peripheral resistajice, since the arte¬ 
rial pressure was maintained in the presence of a failing venous return, and, 
hence, a doereased arterial pump output. Since the T-182'1 dye concentrations 
in samples taken fronr the three sites were essentially the same (indicating 
good mixingl, this increase in peripheral resistance was thought to be a gen¬ 
eralized phenomenon and not the re.sult of tlie elimination of one vascular 
bed or another from the circulation. The amount of circulating blood and 
plasma was the same during perfusion as in the control period, as shown by 
the dye volume, plasma gravity, and hematocrit studies. 

To understand a decrease in venous return in the presence of a normal 
circulating blood volume and an unimpeded venous drainage, it is necessary 
to propose the presence of an intravascular pool of blood somewhere retrograde 
to the large veins. In tlie presence of an elevated perfusing blood temperature, 
the venous return to the pump increased. It appeared tliat the ease with which 
blood was mobilized from this pool, and presumedly its size, was a function 
of the perfusing blood temperature. This conclusion was further substantiated 
when the effect of e.xpanding the recipient’s blood volume on venous return 
was studied. Those animals perfviscd with cool blood demonstrated the ability 
to expand their circulating blood volume with transfusion without an ap¬ 
preciable increase in venous return. On the other hand, the increase in venous 
return following transfusion was readily apparent in those animals perfused 
with the warm blood. The change in peripheral capacity with temperature is, 
of course, quite opposite to that one might anticipate, and provides a provoca¬ 
tive question as to just where the anatomic site of this variable peripheral 
blood pool might be. 

susniABY 

No significant changes in blood volume, plasma specific gravity, and 
hematocrit values were found in dogs before and after the institution of a 
heart-lung bypass pump-oxygenator. The formation of an intravascular pool 
of blood, in the presence of an increased total peripheral resistance, is jiroposed 
as a possible explanation for the decrease in venous return when the exti'a- 
corporeal circulation was started. The effect of alterations in the perfusing 
blood temperature on venous return was studied. The rate of venous return 
was found to parallel the rise or fall in perfusing blood temperature. Expan¬ 
sion of the eii-culating blood volume of the recipient animal was found to be 
effective in increasing the venous return only if the perfusing blood tempera¬ 
ture was high. 
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GRADUAL CLOSURE OF INTERVENTRICULAR 
SEPTAL DEFECTS 

Rjccardo Benvenuto, M.D., and F. John Leu’n, iVI D., Chicago, III. 

INTIiODUCTION 

T he abrupt closure of an iiitervciitricular septal defect in patients with 
high pulmonary pressure may result in death due to several causes, m part 
not entirely known. Because of this high risk, patients with high pulmonary 
pressure, and particularly those with reverse shunt, have been considered 
inoperable.^ Tet, if the hemodynamic changes induced by the operation could 
be more gradual or partial, the patients could survive the closure of the de¬ 
fect. Therefore, possible irrevereible pulmonary vascular changes might be 
expected to become, in time, partially or completely reversible. 

To achieve this result a technique to gradually close the defect by means 
of a perforated plastic plug has been devised. This is similar to the technique 
we have used previously for the slow closure of interatrial septal defects.' 
The results obtained experimentally in dogs arc reported in the present paper. 

METHODS AND MATERIALS 

Thirty-nine healthy mongrel dogs, weighing between 24 and 49 pounds, 
were used. In all the animals, an interventricular septal defect was created 
and simultaneously closed by the insertion of different models of plastic 
plugs. These plugs were modifications of the Ivalon plug we previously used 
for one-stage repair of such defects.' All the plugs used had in common a 
central opening so as to allow the persistence of a shunt after their insertion. 
Final occlusion of this channel could be expected in time because of fibrin 
deposition and endothelial invasion. 

Three different kinds of plugs were used. In 17 animals, the iilug was 
made of compressed Ivalon sponge with an internal lining of Lucite (Fig. 1, 
A). This was obtained by imbedding a short piece of Lucite tube (3 mm. in 
length) within the Ivalon sponge. The internal diameter of the tube was 4 mm. 

In a second group of dogs (7 animals), the plug used was made of com¬ 
pressed Ivalon sponge reinforced with an external ring of Teflon (Pig. 1, B). 

From the Department of Surgery, Northwestern University Medical School. 303 East 
Chicago Ave^, Chicago 11, Ill. 

This work was supported In part by U.S. Public Health Service Grant No. H-2879 and 
the Chicago Branch of the American Heart Association. 
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Such a ring was limited to the central portion o£ the plug to provide a rigid 
support in the central portion of the channel without diminishing the flexi¬ 
bility of the device. Such a plug had an internal diameter of 6 mm. 

Ihe third type of jilug (used in 15 animals) was similar to the one used 
in the second group of dogs but with an internal diameter reduced to 3 mm. 
furthermore, the external ring of Teflon was thinner and perforated (Fin- 
I. C). 


A. 



Kig:. 1.—The three diffei'ent modehs of Ivulon -sponiie plug used to repair interventricular septal 

defects. 


The animals were operated upon during hypothermia using a respirator 
with a mixture of 95 per cent oxygen and 5 per cent carbon dioxide. A 
thoracotomy was performed in the right fourth intercostal space. 'With the 
usual technique employed for the open cardiotomies, the blood inflow to the 
heart was arrested and a right ati-iotomy was performed. The right ventricle 
Avas then entered through the tricuspid valve (Fig. 2). The defect was made 
in the high portion of the septum, trying to avoid the bundle of His. A cru¬ 
ciate incision was made in the septum and then the hole was enlarged with 
a right angle hemostat used in such a Avay as to provide simultaneous re¬ 
traction. Bright red blood coming from the left ventricle was always noted 
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at this point. After the introduction of tlie plug, the left ventricle was filled 
with saline, using a syringe and needle, and the light ycntricle filled ivith 
blood by releasing the venae cavac. 

AVhenevor the defect was successiullj eieated, a elear systolic thrill was 
felt over the right ventricle. In the same way, a loud systolic murmur was 
heaul over the piecordium when the chest was closed (Fig. 3). This murmur 





Flff 2—Technique for creation and lepair of intersentricular septal defects with a per- 
foiated Ivalon plug 

A, The right ventricle is entered through the right atrium Tlie septal leaflet of the tri¬ 
cuspid valve is retracted 

B and C, The plug is Inserted in position 

was used as a guide to follow the gi-adual closure of the defect. When the 
murmur disappeared the animals weie sacrificed and a postmortem examina¬ 
tion was carried out 

Patency of the defect was studied intia-vitam by means of dye injection 
techniques. Evans blue was injected into the left ventiiele by a direct per¬ 
cutaneous puncture and blood ivas simultaneously drawn fiom a catheter 
placed in the right ventiiele. Detection of the dye in the blood obtained from 
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the right ventricle was considered proof of the patency of the defect In 

one instance a dye curve was recorded by means of a cuvette oximeter 
(Fig. 4). 



Figr. 1.—Dye cui’ve recorded from Dog No. 177. Evans blue was injected Into the left ventri¬ 
cle and blood collected from the right ventricle. 

RESULTS 

We found that when a plug with an internal lining of Lueite was used 
the defect closed too early. Thus, the closure of the defect was observed 
over a period of time ranging from 24 hours to 6 days. Table I shows the 
results obtained with this type of plug. 

The second type of plug with an internal diameter of 6 mm. and an ex¬ 
ternal ring of Teflon also proved to be unsatisfactory because of the develop¬ 
ment of acute heart failure. In fact, in 5 of the 6 dogs in which the plug 
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was successfully inserted, an acute dilatation of the right ventricle occurred 
when the ciieulation was restaited This dilatation, in turn, started an irie- 
voisible veiitiieular fibrillation Tabic I summarizes the results obtained 
in this gioup of animals. 

AVith the third type of plug wc achieved our pui’iiose The plug was 
inserted successfully in 10 animals and (lusuic ot the defect occurred in a 
period of time ranging fiom 4 to 41 dijs with an average of 26 days 
Autopsy revealed in all eases a plug well coieied by surioundiiig tissue 
(Fig. 5). Table I shows the results obtained in this group of animals 


m: 



DISCUSSION 

The eaily closure of the defect obtained in the hist gtoup of animals can 
be partially attiibuted to the limited lumen of the plug. Therefore, in the 
second model of the device the lumen was increased fiom 4 to G mm. The 
internal lining of Lucite w'as abandoned beeause it made the plug diCfleult 
to handle because of its ligidity 
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The acute dilatation of the right ventricle with subsequent irreversible 
ventricular fibrillation encountered when the second plug was used, can be 
attributed to the large shunt resulting in an acute overloading of the right 
ventricle. The reduction of the lumen of the device (Plug C) was adequate 
to overcome this problem and yet allow a sufficient length of time before 
occlusion. 

In conclusion, a device capable of giving gradual closure of experimental 
interventricular septal defects has been successfully tested in dogs. Whether 
this achievement can be directly applied to human cases is difficult to say 
at present. The difference in pressure gradients can account for different 
behavior of a plug inserted in a human interventricular septal defect. 

Perhaps the use of plugs with large holes in patients might be bettor 
tolerated since the heart, in such a ease, is already hemodynamieally accus¬ 
tomed to a large shunt. By using a larger hole one could probably expect 
a longer period of time l)efore the complete occlusion of the plug, and, there¬ 
fore, a moi’e complete readjustment of the pulmonary circulation. 

su:m3I.vry 

1. Yentricular septal defects were created in dogs and simultaneously 
I’cpaired by different models of plastic plugs. 

2. All the plugs used had a central opening so as to allow the persistence 
of a shunt. This opening should ocelndc in time duo to deposition of fibrin 
and endothelial invasion. 

3. The best results were obtained with a plug having an opening of 3 
mm. in diameter. Occlusion occurred in a period of time averaging 26 days. 

4. The applicability of this method to human cases is discussed. 
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PULMONIC STENOSIS DUE TO COMPRESSION OF THE 
PULMONARY ARTERY BY AN INTRAPERICARDIAL TUMOR 

John A Waldb(iusen,AiD,CmlosR Lombaido MD,and 
AndiewG AloiJOWf MD, Bethesda Md 

A lihougu a significant peicciiUgc ol mediastinal tumois aiise within the 
peucaulial space, onl^ laicly docs tlicu piesence cause impanment of 
caidiac lunction Wlien this does oeciu it is usually attiibutable to impaiied 
diastolic hlling losulting Xiom gcucialued compression o± the heait bj the in 
hltiated pcucaiduun oi liom caidiac tamponade due to fluid accumulation Only 
laielj has obstiuctiou to light \cnliiculai outflow been dcsciibed in association 
with an mtiapeucaidial mass AVe ha\e iceentl) had oppoitunitj to stud\ 
and opeiate upon a patient in uhoiu significant pulmonai^ stenosis lesulted 
fiom cumpiession ot tlie main pulmonaij aiteij by a pnmai} malignant tumoi 

C V&L KEPORT 

J A C, a 23 jear old \\hitG aiau, had been in good health until Januan, 1958 , ^\]len 
he developed pim in his throat and was treated by his physician for tonsillitis and strepto 
coccal pharyngitis Shortly thereafter, he noted pain lu Ins chest which fluctuated in in 
tensity and wa«? accentuated by deep breathing, coughing, and changes in positiou He 
was hospitalized at tins time and, on jilnsieal cxamiiutioii, the pharynx was noted to be 
mildly injected and there were palpable nodes xu the left anterior ceriical triangle The 
pul'-e rate was 100, the heart was not enlarged and there was no precordial murmur How 
cier, an electrocardiogram revealed changes t^plcaI of pericarditis and the patient was 
noted to have daily temperature eleaations to 100 5® P 

Iwo weeks after admission, a pericardial friction rub was heard for the first time 
and was noted intermittently during tho next -4 weeks Shortly thereafter a harsh pro 
coidial murmur w is heard Ihere were prominent left precordial pulsations and a thrill 
was thouglit to he present by some observers 

V chest X ra^ at the time of his original hospitalization revealed an cni irged heart 
shadow consistent with pericardial cifiision Subsequent films had reiealed apparent pro 
gressne enlargement of the pulmonar\ artery This was first noted on Feb 25, 1058 

llie patient was admitted to tho National Heart Institute on March 12, 1958 Ho 
did not appear to be ill The physical findings were not rem irl ible except for the 
examination of the chest There was a visible and palpable pulsation in the left second 
intercostal space and a minimal right ventnculai lift was noted No friction rub was 
audible There was a Grade 3 sistohc murmur maximal m the second and third left 
intercostal spaces Ihis radiated into the neck and was aho heard over the entire pre 
cordium A third heart sound was heaid in diastole There w is no diastolic murmur Tho 
pulmonic second sound was of normal intensity and split 

From tin. Clinic of feuitcrj IsLtionU Heirt Institute Cethes 1 1 Aid 
Receded for publication Oct 27 1958 
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Fluoroscopic and roontgcnogniphic examinations of the chest revealed a pulsatile 
mass in the left upper mediastinum in the region of the pulmonarj’ artery (Pig. 1). There 
was no generalized cardiac enhirgemout hut the right ventricle mas slightly enlarged when 
viewed in the right anterior oblique projection. The vascularity of the left lung was con¬ 
sidered to be slightly diminished as compared to the right. The electrocardiogram (Eig. 
2) demonstrated a wide ST-T angle compatible with subsiding pericarditis. Comparison 
of the tracing with previous records showed a moderate rightward shift in the mean QRS 
axis, suggestive of early right ventricular hypertropliy. A right heart catheterization was 
carried out and the data obtained are summarized in Table 1. There was a peak systolic 
pressure difference of -17 mm. Ilg when the catheter was withdrawn fiom the pulmonary 
artery into the riglit ventricle. There was no evidence of a circulatory shunt. 



.1. C- 

Fiff. 1.—Posteroanterior (n) and rielit anterior obliuue (B) chest x-iays. There is 
no generalized cardiax: enlargement but the I'ight ventricle is slightly enlarged, there is a 
mass in the left upper mediastinum in the rasion of the main pulmonary artery. 

A selective angiocardiogram with right ventricular injection was performed follow¬ 
ing catheterization (Pigs, 3 and 4). The right ventricle occupied a normal position. 
Lateral views revealed the right ventricular outflow tract and the main pulmonary artery 
to be compressed and displaced posteriorly by an extrinsic mass. The anteroposterior pro¬ 
jection also showed deformity of both the main and left pulmonary arteries which wmre 
compressed and displaced. The mass visible iu the plain films did not fill. A retrograde 
thoracic aortogram (Pig. 5) demonstrated that the ascending aorta ivas straightened and 
displaced posteriorly. The aortic lumen w-as not compromised and no aneurysm was 

present. 

Following the studies outlined, the diagnosis of mediastinal tumor with compressaon 
of the right ventricle and pulmonary artery seemed established and operation was earned 
out on March 27, 1958. The chest was entered through a left anterolateral thoracotomy. 


681 


Volumt )7 PTJLJIONIC STENOSIS DUE TO INTEAPEEICAEDIAL TUMOE 

Number > 


The pleural space was free and tlic Jung appeared normal. Tlio pericardium was markedly 
thickened and vessels on its surface were engorged and tortuous. When the pericardium 
was incised, a mass of gelatinous friable tumor extruded (Fig. G). TJiree hundred grams 
of tumor were remo^ed piecemeal but it was apparent that the tumor was infiltrating the 
mnsclo of the right ventricle and left atrium as well as the peiicardiuni. After removal 
of the tumor (Fig. 7), the thrill previously palpable in the left pulmonary artery liad dis¬ 
appeared and it was evident that the compression of the heart and great vessels had been 
relieved. The anterior mediastinum wms polpablv free of tumor and it w'as thought that 
the lesion had aribcn and w as confined to the pern irdium 

The patienVs iiostoperativo course was uncomplicated. TJie 33 'stolic murmur was 
markedly decreased immediately’ and giadiially disappeared. 

Pathologic exaiuiwation of the tumor was earned out by Dr. Hugo Pribor. The tissue 
had a gelatinous consistency and was gray*red Vreas of hemorrhage were apparent. On 
microscopic examination seieral Jiistologic patterns wore evident (Fig. 8). In places, the 
tumor cells were elongated and arranged in inierlacmg bundles. A moderate number of 
mitotic figures were piesent and thcie was considerable nuclear pleomorphism. Other areas 
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Fig- 2—The electrocarUloffram denionstmtes a wide ST-T angle compatible with subsid¬ 
ing pericarditis. There is a moderate rightward aloft In the mean QRS axis suggestue 
of eaily right ventricular liypertrophy. 


TABbE I. RiOIir HBiMlT CaTHETERI/JATIOM 


1 

PRLSSURE 1 

1 MAX.IIg. 

BODl* surface AR1..V: 1.96 M.2 

LOCATION 1 

bVST /DfAST. 

1 MEAN 

heart iute; 120/mlv. 

Superior cava I 

9/G 

7 

Cardiac output determination at rest* 

Right atrium 

9/2 

6 

Ventilation, L/imn. 7.78 

0- Consumption, c.c /inin. .327 

Right ventricle 

64/4 


Pulmonary artery 

17/8 

10 

B.Q. 0.71 

Wedge PA position 

9/2 

G 

A-V Diffoieiico, Vol. % 4.0 

Systemic flow, L./imn. 8.2 

Brachial artery 

1 125/70 

1 85 

NITROUS OXIDE TLST 



LOCATION ) 

blank J 

1 SAMPLE 

resistance 58 d. s. cin.’s 

Pulmonary artery 

1.78 

1.78 

•Average of two determinations 

Brachial artery 
Nitrous oxide index; 

0 % 

7.24 










*{.—Selective angiocarUiograni, lateral view. Tlie rigiit ventncuiur outflow tract 
and the main pulmonary artery are compre.s.^o(l and displaced posteriorly by an e.vtrinsic 
mass, Ji^ —Riglit ventricle. —Pulmonary artery. 



Pig. . 1 .—Selective angiocardiogram; anteroposterior view. There is a deformity “f the 
ouimonary artery which is compressed and displaced upward. The mass visible the Piam 
films did not fill: iPA—Left pulmonary artery. PFA—Right pulmonary artery. FT—Bight 
ventricle. 
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alioued cuboulal tumor colls arranged in small uebts nith intervening vascular stroma. 
The tumor colls were often arranged around small blood vessels. The final pathologic 
diagnosis was primary mesothelioma of tlie pericardium Tlie patient \va. subsequently 
treated with \-ray therap\ to the mcili.i'^tinum and wa-s discharged, free of SMnptoms, 
,{ weeks after opezation. 



pjg 5—Retiogiade thoracic aortograni The aoKa is straightened and displaced posteriorly. 
The aortic Junien is not coinpromlscd. 


DISCUSSION 

The patient deseribecl in the piesent report was the subject of much clinical 
speculation before the diagnosis was cstablisliod. The presence of acquired 
pulmonic stenosis seemed clear on the basis of the pliysical findings and electro¬ 
cardiograms. The initial history of an upper respiratory infection with fever and 
associated with radiographic and elcetrocardiograpliic evidence of pericaiditis 
lead many to postulate a localized abscess oi- collection of sterile fluid as the 
natuie of the mass. Others considered an aneurysm of tlie pulmonary artery or 
aorta to be more likely. The diagnostic studies demonstrated preoperatively 
that the mass was extrinsic to the vascular structuies at the base of the heart but 
that the great vessels were displaced by it. 
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Fiff. G.—Operative appearance of the tumor, upon incision of tlic pericardium. 



Kig. 7.—Following removal of the tumor, the compression of the pulmonary artery 
was relieved. The bed of the tumor with invasion of the outflow tract of the right ventrjcie 
and pulmonary artery Is shown. 
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There have been two previous reports of patients in wlioni pubnotiaiy 
stenosis apparently resulted from compression of the pulmonary artery bj' a 
tumor. The patient described by Fry* had a malignant teratoma. lie had a 
palpable proeordial tin-ill as well as a pulmonie systolic murmur. Cardiac 
catheterization was not performed and an angiocardiogram was inconclusive. 



P'lff. 8—Photomicrograph of the tumor remo\eU (hematoxylin and eosin stdin x . reducud 


However, both thrill and murmur were abolished by removal of tlie tumor but 
both signs later reappeared with recurrence of the tumor. Winter* recently 
reported complete studies in a patient with an anterior mediastinal tumor com¬ 
pressing the heart and producing a pulmonic systolic murmur. The patient was 
a 21-year-old white man who had a Hodgkin’s tumor of the anterior mediastinum. 
Tlie patient had a pulmonic gradient of 20 mm. ITg. At angioeardiographj-, a 
large mass was demonstrated compressing the pulmonary artery. The murmur 
disappeared after resection of the tiunor. 

The rarity with which the pulmonary artery is compressed by a tumor is 
probably related to tlie fact that mediastinal tumors in general may enlarge 
laterally and need not eneroacli upon the lieart and great vessels. The relatively 
few tumors arising within the pericai’dinm usually result in an effusion and 
diffuse cardiac compies.sion before a local constrictive lesion may manifest itself. 
Pericardial effusion was present early in the course of tlie present patient’s ill¬ 
ness but apparently resolved and the local manifestations of (lie enlarging tumor 
became evident. 
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SUMMARY 

A patient is described in whom a primaiy mesothelioma of the pericardium 
compressed the pulmonary artery and caused tlie physical findings of obstruc¬ 
tion to right ventricular outflow. A pressure gradient between the ventricle and 
pulmonary artery of 4:7 nun. Ilg was demonstrated at cardiac catheterization. 
A selective right ventricular angiocardiogram demonstrated the extrinsic nature 
of the obstruction and its anatomic relations. Following excision of the tumor, 
the systolic murmur and thrill were no longer evident. 
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TRACHEAL ADENOMA IN JUXTAPOSITION WITH A 
MEDIASTINAL BRONCHOGENIC CYST 

Wilson Weisel, AID., D. B. Claudon. A1D and f C Daun, M.D, 

Aldwaukee, Wis. 

T he challenging clinical, diagnostic, surgical, and pathologic problems pie- 
sented by a patient with a tiaehcal adenoma (eaioinoid type) occurring 
in eonpinetion with a bronchogenic mediastinal cyst has pionded the impetus 
for this case lepoit In a levicw of the world liteiatiire we have not found an 
accounting of a similar leport 

CASE KEPOliT 

G M (C H No 256671), a 49 year old white, widowed bank clerk, was admitted to 
tlie hospital Jan 17, 1958, bee lusc of intermittent licmoptysis of 5 jears* duration She had 
noted a progressive incrCTse m the amount of bleeding and expectoration of blood clots in 
the 2 necks prior to admission 

Past liistory revealed an appendectomj and oophorectomy performed in 1946 for non 
neoplastic lesions The family lustorj nas negative Physical examination demonstrated a 
lieiUhy noman with a blood pressure of 150/90 mm Hg, a pulse rate of SO and a respiratory 
late of 20. A rocatgeuogram of the chest was reported as normal (Fig 1). 

At bronchoscopy, a large poljpoid tumor was found almost filling the tracheal lumen 
and arising from tho left lateral wall, 3 to 4 cm above the canna From visual and tactile 
perception it was thought that a large globul ir portion of the tumor had residence outside 
the tracheal wall The intiatracheal tumor was partially resected for biopsy. At second 
endoscopy performed a week later most of the remaining intratracheal lesion was resected 

Because it was believed that a portion of tho tumor was extraluminal, laminographic 
studies of the chest were made to delineate the left p^ratraclical area These roentgenograms 
were interpreted as demonstrating tho presence of the suspected tumor (Fig 2) and, accord 
inglj surgical excision of the tumor was planned 

At a left thoracotomy, performed on Jan 29, 1958, utilizing a modified Carlens tube 
for an anesthetic airway,* the paratracheal mass, which could be felt medial and superior to 
the aorta, was identified as a cjst which was dis'-ectod from the trachea and removed 

A three sided window, 2 cm in width, was cut lu the trichta, leiMng the membranous 
portion attached The area of the tracheal incisions conesponded to tlie former attachment 
of the cyst and the location of the intratracheal tumor 

It was surprising to find that most of the tumor had actually been removed and there 
was no invasion of the tracheal wall The gross remnant of tumor in the muco«a was re 
moved by stripping the mucosa from the cut portions of the tracheal cartilages The tracheal 

From the Departments of Surperj and loiboiator'v arcdJcine Columbia Hospital and the 
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wall was resected at the site of origin of tl^e tumor and the tracheal defect was closed by a 
pedieled dap of pericardium whicli had been turned up from just above tJie diaphragm and 
was loft attached over tlio groat vessels. The flap was carefully sewn to the edges of the 
tracheal defect with interrupted 5-0 silk suture**. 




ir,g. 4.—Photograph of mediastinal cyst 
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Micro-scoplc section 


X200) of cyst wall with elastic stain showing' haplmzarclly 
arranited elastic fibrils. 
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TUc pleural space uas drained by three catheters and the tvound was closed with inter 
rupted cotton sutures. The patient contalesccncc was uneventful and she was discharged 
Feb. 12, 1958. She returned to work 10 da\s later Followup studies have shoivn no symp¬ 
toms nor Signs referable to the respiratory «!\steni Bronchoscopic examinations performed 
3 and 6 months postoperatiiely have revealed t atll IiraleJ, epithelized graft area. The only 
abnormality noted at endoscopy was some increa*^’*! mobility of the wall in the graft area 
during expiration and coughing. 

PathoJogio Jiepoit —The tracheal tumor revived on three occasions in various sized 
pieces was characterized grossly as soft, brown tis-ue the largest piece measuring 0 5 by 0 8 
by 1 0 cm. On microscopic examination, the ti‘5«!ue was identified as from the inner wall of the 
trachea. The mucosa was normal, but the subnmoosa contained a well defined, non encapsu 
lated tumor composed of dilTcreutiated epithelial cells ai ranged m anastomosing cords (Fig. 
3). The cells were of medium size with nuclei hiving vehicular chromatin No evidence 
was seen of pleomorphism, mitoses, or anaplasia A diagnosis of low grade adenocarcinoma 
(“tracheal adenoma”), carcinoid type, was made 

Pait of the specimen received Jan. 29, 1958, was a thm walled, spheroidal cyst with 
areolar tissue and muscle fragments attached to its surface (Fig, 4). The cyst measured 
1.5 by 2 5 by 2 5 cm and, when opened, was unilocular with a lining of smooth, gray, glisten¬ 
ing tissue It contained 7 ml of clear amber fluid which on analysis had the following 
composition: 9S mEq/L. of sodium, 83 niEq/L of chloride, 800 mg/100 ml of protein, 
27 mg/100 ml. of nonprotom nitrogen, less than 10 mg/100 ml. of sugar, and a pH of 8 

Histologic examination of tlic wall of the cyst showed an outer layer of areolar tissue 
containing occasional groups of fat cells, clusters of lymphocytes, and packets of fusiform 
smooth mu'^le cells Elastic tissue stains demonstrated the presence of many clastic fibrils, 
singly and in haphazardly arranged interwoven collections (Fig. 5) No basement membrane 
was present. The cyst was lined by epitliAlial cells which underwent gradual transition in 
successiie microscopic fields from cuboidal to columnar; the latter wore frequently ciliated 
(Fig 6). Many sections from numerous tissuo blocks of the cyst wall disclosed the absence 
of cartilaginous plates, lymphoid follicle**, and tissues of tliymic, parathyroid, esophageal, 
gastric, or intestinal derivation There was no evidence of ex*tension of the tracheal tumor 
into the cyst wall. 

DISCUSSION 

The potential for extiahnuinal mediastinal extension of respiratory tiact 
adenomas has been well documented*’ ® and confirmed by our own experi¬ 
ence The gross and microscopic chai acteristics of the tracheal tumor re¬ 
ported satisfied, in all respects, the well-defined criteiia® for ^'carcinoid 
adenoma ” The fact that a second lesion may simulate the endoscopic and 
radiologic features of mediastinal extension has been demonstrated by the 
patient described The larity of this coincidence is attested by our failure 
to find a similar case recoided, although a. mediastinal cyst occuiiing m con¬ 
junction xvith an aortic aneurysm has been reported ^ While the evidence 
suggests that, in this case, the neoplasm xvas completely lemox’cd, time alone 
will tell since local lecurreiice and appearance of metastases many yeais after 
opeiation have been lecorded in patients with this disease.® 

The anatomic featuies of this cyst, especially the presence of lining 
epithelium having occasional ciliated cells, were considered best explained 
by the inteipietation that the stiuctiue was of bionchogeiiic origin. Deriva¬ 
tion fioin the esophagus or other levels of the alimeutaiy tract or foiegut'* 
was deemed unlikely. The absence of plates of cartilage or of seioniuciiious 
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glands from the wall of the cyst has not been regarded as contradictory to 
the diagnosis but explainable on the basis that the cyst was derived from 
ectopic bronchiolai’-directed cells. The nature of the fluid removed from the 
cyst was held consistent with this view, inasmuch as the anatomic position 
of the cyst and the character of its fluid were quite different from those 
described for cases of “ciliated esophageal cysts.”* 

In the repair of the tracheal defect, we have been favorably impi’cssed 
by the pericardial graft. The pericardium has the advantage of being easily 
available, durable, and a conforming, living tissue with readily preserved 
blood sui)ply. It has been pimviously used to reinforce bronchial stump 
closure and our experience has shown it to be an excellent substance for repair 
of experimental heart defects in animals. 


SUiniAUY AXD CONCLUSIOXS 

1. A patient is reported in whom a tracheal “adenoma” occurred in 
juxtaposition to a mediastinal bronchogenic cyst. 

2. The diagnosis of extratracheal extension of the “adenoma” was sus¬ 
pected by endoscopic and roentgen examination. The correct diagnosis was 
made at thoracotomy, 

3. A pedicled pericardial graft was used to close the tracheal surgical 
defect. Follow-uj) bronchoscopic observations have demonstrated e.xcellent 
healing and apparent epithelization of the graft area. 
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Erratum 

In the article, “Mitral Insufficiency With Compression of the Left Main Bronchus 
Treated by Open-Heart Surgery,” by Drs. David E. Murphy, Anthony R. C. Dobell, Gordon 
M. Earn, and James E. Gibbons, in the March issue of the Journal on page 322, Figs. 2 an 
should be reversed, the legends remaining as they are. 
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Original Co m ni u n ications 

ANASTOMOSIS OF SUPERIOR VENA CAVA AND PULMONARY 
ARTERY IN THE SURGICAL TREATMENT OF CERTAIN 
CONGENITAL DEFECTS OF THE HEART 

A N Bakulev*' and S A Kolesntkoi,** /Moscow, USSR 

I N lEiL JouKNVL Or TuoRvcic SuRont\, Apiil, 1958, F Robiezck, R Magistro, 
E Poll, L RobiesoK, and P Sangti published an aitiole entitled “Vena Cava 
Pulmonaiy Aiteiy Anastomosis foi Vaseulaiization of the Lung," an evpeii 
mental study m dogs, which is ot toiisideiable theoiotical inteiest, and uiidoubt 
edly has gieat piactieal significance In June, 1957, one of the authois of this 
paper (A N B ) reported similar c\pcriiiicirtal studies, and presented elrmeal 
applications of tins operation at the Intern itioiial lledical Congiess nr Turin, 
Italy 

At the picsciit tiiiio, the operation ot jilacuig an aii.istomosis betwetn the 
super 101 vena cava and the inilmoiiair aiterj is taiily widely used in a niimber 
of surgical institutions ot the Soviet Union (Institute of Tlioiacie Surgery of 
the Academy ot lledical Sciences of USSR, Vishnev shy’s Institute of Siii 
geiy, and at the Central Institute of Post graduate Studies, among others) This 
operation proved to be eftective iii cases of (.oiigriiit il heart disease with do 
eitased pulmonaiy eiiciilatioii and, in many cases, is undoubtedly superior to 
anastomoses between the aorta and the piilmonaij ai-ttiies (Potts, Blalock, 
Taussig) Ill the piesent paper we should like to share with our Ameiican 
colleagues the e\peiieiice g uiicd iii this field 

Trom the Institute of Thoncic Sutger> Acadcnij of Ate heal Sciences of USSR AIos 
cow USSR 
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-195-i, one of tlie autliors (A. N. B.) iierfonned experimental 
and ehmcal anastomo.scs between the superior vena cava and the pulmonaiy 
artery for the surgical treatment of Fallot's tetralogy. lie thought that this 
operation would decrease the overloading of the right heart and would remove 
the extra loail on tlie left heart and other complications caused by the creation 
of the artificial arterial pathway, and that it would present fewer technical 
difficulties. 


Independently of this, the Vishnevsky Institute of Surgery piibli.shed, in 
I9.')6, a report on an experimental study which proved this operation to be 
{lossible and u.seful (X. fv. Galankin). 


f)n AiJi’il .1, 195(5, at the Institute of Thoracic Surgery of the Academy of 
iledical Sciences of L.S.S.K., the lirst anastomosis between the superior vena 
cava and the pulmonary artery had been made successfully in a boy of 15 


(Prof. E. X. !lleshalkin). Tlie patient’s condition began to improve rapidly 
following the operation. Cyanosis di.saijpearcd completely after 3 days. In a 
fortnight’s time, hemoglobin content of Die blood dropped from 130 per cent 
to SO per cent. In a month’s time, oxygen saturation ligures of the arterial 
blood rose from 75 per cent to 90 per cent. The patient was discharged in good 
condition, which is maintained to this day. Since then 41 such operations have 
been performed at the Institute of Thoracic Surgery. 

As the technique of the operation has been described in detail before (E. N, 
Jte.shalkin, 195G; N. K. Galankin and co-workers, 195T), we shall deal with it 
but briefly. 

To facilitate dissection of the blood ve.sscls a i/i per cent solution of Novo¬ 
cain is injected into the lung hilum and the mediastinum along the superior 
vena cava. The mediastinal pleura is incised longitudinally above the superior 
vena cava and vein is exposed by blunt dissection some 5 to 6 cm. above its 
union with the pericardium. The pericardium is then incised longitudinally 
and the intraperieardial section of the vein is exposed as far down as its union 
with the right ventricle. The azygos vein is tied and severed. Following this, 
the right branch of the pulmonary artery is dissected out as far as its point 


of emergence from the main trunk; thick silk stays are placed on the upper and 
lower lobar branches of the artery to prevent the blood reflux from the lung. 


The artery is then tied at its point of emergence from the main trunk by double 
silk ligature and cut (Fig. 1). As most of the disorders of hemodynamics, lead¬ 
ing to cerebral hypoxia, are related to the temporary occhision of the superior 
vena cava, all manipulations on the latter are performed last and must be car¬ 
ried out with utmost speed. A hook-shaped clamp is placed on the superior 
vena cava di.stal to the site of the proposed anastomosis. The vein is then tied 
where it joins the right atrium and cut above the ligature. In order to speed up 
and facilitate ligation we use a special stitcher which places automatically two 
rows of tantalum staples on the superior vena cava (Pig. 2). 

An end-to-end anastomosis is then iDlaced between the iJeriphei’al ends of 
the superior vena cava and the pulmonary artery witli the aid of continuous, 
U-shaped, everting sutures first on the posterior, then on the anterior wall of 
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the anastomosis (Figs. 3 and 4). Once the vein clamp and the artery stays are 
removed no bleeding is seen as a rule, some oozing of blood through the needle 
punctures may be observed. It stops of its own accord. Once the damp is off, 
one can observe good filling of the .luastomosis and the branches of the 



Fig" 1—^The riprht branch of the pulmonary arteiy atnl the superior vena, cava have 
been dissected out. The latter is pulled upward with the aid of a rubber tube pas'ied around 
It The pulmonary artery is dissected far Into tlie posterior mediastinum, up to tlic bifurca¬ 
tion. 

Fig. 2—Tlie pulmonary arterv has been sectioned Its tied stump is seen well inside 
(in the posterior mediastinum). The superior vena cava is clamped with a hooked clamp 
(left) and sutured by means of a mechanical stitcher (right), 

puhnonary artery. Increased filling and tension of the superior vena cava 
diminish as soon as the anastomosis begins to function, although tliey still remain 
more marked than before tlie placing of the anastomosis. 

As can be seen from the above description, tlie technique lias no insuperable 
difficulties and tlie operation can be performed by a surgeon wlio lias mastered 
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June, ivjv 

Of the operation "of 

_ It must not be foro-otten that these oi)erations -ire nevtA 7 
Pafents with oompHeatea lesious of the bean and 
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Fig. 3. ^The moment of suturing the distal ends of the superior vena cava and the right 
branch of the pulmonary artery. After placing two U-shaped stavs at the corners, the pos¬ 
terior walls of the vessels are sutured by means of a continuous, U-shaped, everting suture. 

Fig. 4.—The posterior wall suture has been tightened and fastened by tying the thread 
to the corner stays. The moment of suturing the anterior walls of the vessels by a continu¬ 
ous, U-shaped, everting suture. 
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VI lout due eonsicleration of the severity of each patient’s condition, and the 
degree of seventy is not always easy to assess, let alone to be able to make a com¬ 
parison in diR'erent patients with the use of the methods now available. 

If we exclude deaths due to accidental causes and imperfect technique, the 
clamping time of the superior vena cava in patients ivho died after the opera¬ 
tion vaz'ied between 18 and 26 minute;-,. On the other hand, in patients who 
had stood the operation well the clamping time varied between 14 and 30 min¬ 
utes. Blinimum clamping time in our scries of operations was 13 minutes, 
maximum—30 minutes. 


To cut down on the time required for the placing of anastomosis, special 
ring’s made of stainless steel (Donctsky) arc used at the Vishnevsky Institute 
of Surgery. \Vc use for the same purpose a blood vessel stitcher constructed 
by the Institute of Surgical Instruments and Apparatus of the IMinistiy of 
Health of U.S.S.R. IVith the aid of this apparatus, it is possible to place the 
anastomosis in o to G minutcis. This method, besides saving time, has definite 
advantages over the manual suturing of vessels by leaving behind a material 
that causes but minimum reaction in ti.ssues (tantalum), by ensuring perfect 
approximation of the intima of the vessels sutured without the sutures pene¬ 
trating into the lumen of the blood vessels and, maiidy, by creating an obstacle 
to the subsequent expansion of the anastomosis as the blood vessels grow in size. 

An excerpt follows from the case history of a child, aged 5, operated upon 
for Fallot’s tetralogy by the method ju.st described. 


C.\SE RKPOUT 

The child. 1*1., was adinittod to the Institute of Thoracic Surgery on Jan. IS, 195S, com¬ 
plaining of dyspnea and niarhed cyanosis. Diagnosis of heart disease had been made a few 
di\ys after birth. Dyspnea aud cyanosis incrc-ased as the child grew. Dyspnea often forced 
him to squat. 

Examination revealed tlie presence of cyanosis of lips and fingernails; clubbed fingers; 
respirations, 24; pulse, 104; blood pressure 100/75 mm. Ilg; a rough, systolic murmur over 
the prccordial region with maximum intensity in the third and fourth iirterspaccs to the left 
of sternum; murmur radiates freely along the cervical blood vessels; hemoglobm, 134 per 
cent (23.3 Gra.); red blood cells, 0,500,000. 

.:Vn electrocardiogram showed impairment of intraeardiac conduction, myocardial lesions 
of the right ventricle, and sinus tacliycardia. 

A roentgenogram of tlie chest (Fig. 5) showed light lung markings, heart enlarged in 
transverse diameter, heart waist markedly accentuated, apex displaced to the left, dextro¬ 
position of the aorta. Angiocardiography aud cardiac catheterization confirmed the diagnosis 
of Fallot’s tetralogj- aud infundibular stenosis of the pulmonary artery of the tubular type. 

Anastomosis between the superior vena cava and the ])ulmonarv artery was made, which 
was all the more indicated as the patient hud dextroposition of the aorta. The technique 
described above was adhered to. The anastomosis was made with the aid of a stitcher with 
tantalum staples. The anastomosis was over 1 cm. m diameter and its function was good. 
Tlie operation lasted 1 hour and 30 minutes. 

Hemodynamic and other physiologic changes during the operation were typical for 
operations of this type. While the anastomosis was being placed, the blood pressure fell 
from 90/70 to SO/50 mm. Ilg. Oxymetry readings went down from S4 per cent to 50 per 
per cent. After ligation of the pulmonary artery, the electrocardiogram showed moderate 
hypoxia, inconstant group extriisystoles and slowing of the pulse from 150 to 128 per minute. 



Volumes? KURGEBY FOB CERTAIN CONGENITAL DEFECTS OP HEART fiOO 

Number o \JOO 

At the moment of elampiiij' of the supoiior vena cava, the clectrocneophalogram re^a- 
tered marked Jiypoxia and hypeicapnia laating 20 to 25 seconds. During the placing of the 
anastomosis, signs of progressive depression of the nervous centers was evident with decrease 
of voltage and appearance of silent zones. With the clamp off, signs of cerebral hypoxia 
and hv'percapnia decreased in from 1 to 1.5 minutes and gradually disappeared entirely after 
•1 to 5 minutes. 

The patient was taken to the postoperatUf ward »vith a blood pressure of 120/00 
Ilg. There was considerable edema of the face wlacli persisted for 24 hours. 

The postoperative course was smooth. Cyanosis began to decrease from the first post¬ 
operative day and disappeared entirely by the rum* of discharge. Hemoglobin dropped from 
13G per cent to 95 per cent. The child was discharged 17 days after operation in satis¬ 
factory condition. 

As will bo seen from Figs. G and 7 the lung markings, as compared with the preoperative 
film (Fig. 5) have increased due to improved circulation of the right lung; the same may be 
observed when comparing it with the left side. 



FJff. 5.—Chest roentgenogram of Patient M., aged 5, before operation. 

Note the shadows of metal stapJeSf forming a circular shadow consisting of separate 
staples, which project themselves against tlic seventh and eighth thoracic vertebrae. The 
shadow corresponds to the site of the vascular anastomosis. Another shadow’ below corresponds 
to the sutured stump of the proximal part of the superior vena cava. 

Out of 41 patients operated upon, 14 died during the operation or in the 
postoperative period (4 on the operating table), 7 in the first 24 hours post- 
operatively, 1 on the second day, 1 on the tliii’d day, and 1 on the forty-fifth 
day. This relatively high mortality rate may be explained not so mneh by the 
surgical trauma itself as by the imperfect technique and anesthesia, which, 
during the period described, were being perfected for the above operation. 
Thus, in 6 cases death supervened on die operating table through acute hemor¬ 
rhage, or else in the immediate, hours following the operation. In 2 case.s, death 
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Without due eonsidenitiou ot“ the severity ot each patient’s condition, and tlu 
degieo of severity is not always easy to assess, let alone to be able to make a com 
parison in different patients Avith the use of the methods now available. 

If we exclude deaths duo to accidental causes and imperfect technique, the 
clamping- time oi the suiierior vena cava in patients Avho died after the opera¬ 
tion varied between 13 and 26 minute;;. On the other hand, in patients avIic 
had stood the operation well the clamping time varied between 14 and 30 min¬ 
utes. j\[ininuim clamping time in our scries of operations was 43 minutes 
maximum—30 minutes. 

To cut down on the time required for the placing of anastomosis, special 
rings made of stainless steel (Donetsky) arc used at the Vishncv.sky Institute 
of Surgery. We use for the same purpose a blood vessel stitcher constructed 
by the Institute of Surgical Instruments and Apparatus of the Ministiy ol 
Health of U.S.S.R. With tlic aid of this apparatus, it is po.ssiblo to place the 
anastomosis in 5 to 6 minutes. This method, besides saving time, has definite 
advantages over the manual suturing of vessels Iw leaving behind a material 
that causes but minimum reaction in tissues (tantalum), by ensuring perfect 
approximation of the intima of the vessels sutured Avithout the sutures pene¬ 
trating into the lumen of the blood vessels and, mainly, by creating an obstacle 
to the subsequent expansion of the anastomosis as the blood A'c.s.sels grow in size. 

An excerpt follow.s from the case history of a child, aged 5, operated upon 
for P'allot’s tetralogy hy the method .just described. 

CASE KEPOUT 

The child, il., was adiiiittod to tho Institute of Thoracic Surgery on Jan. IS, 1958, com¬ 
plaining of dyspnea and marked cyanosis. Diagnosis of iieart disease had been made a fo"' 
days after birth. Dy.spnea and cyanosis increased us the child grev.-. Dyspnea often forced 
him to squat. 

Examination revealed the presence of cyanosis of lip.s and fingernails; clubbed fingers; 
respirations, 2-1; pulse, 10-1; blood pressure 100/75 mm. Jfg; a rough, systolic murmur over 
the precordial region with maximum intensity in the third and fourth interspaces to the left 
of sternum; murmur radiates freely along the cervical blood vessels; hemoglobin, 13-1 per 
cent (23.3 Gm.) ; red blood cells, 0,500,000. 

An electrocardiogram showed impairment of intracardiac conduction, myocardial lesions 
of the right ventricle, and sinu.s tachycardia. 

A roentgenogram of the cliest (Fig. 5) showed liglit lung markings, lieart enlarged in 
transverse diameter, heart waist markedly accentuated, ape.x displaced to the left, dextro¬ 
position of the aorta. Angiocardiography and cardiac catheterization confirmed the diagnosis 
of Fallot’s tetralogy and infundibular stenosis of the pulmonary artery of the tubular type. 

Anastomosis between the superior vena cava and the pulmonary artery was made, which 
was all the more indicated as the patient had dextroposition of the aorta. The technique 
described above was adhered to. The anastomosis was made with the aid of a stitcher Avith 
tantalum staples. The anastomosis was over 1 cm. in diameter and its function was good. 
The operation lasted 1 hour and 30 minutes. 

Hemodynamic and other physiologic changes during tlio operation Avere typical for 
operations of this type. AVhilo the anastomosis Avas being placed, the blood pressure fell 
from 90/70 to 80/50 mm. ITg. Oxymetry readings Avent doAA’U from 8-1 per cent to 50 per 
per cent. After ligation of the pulmonary artery, the electrocardiogram shoAved moderate 
hypoxia, inconstant group extrasystoles and sloAving of the pulse from 150 to 128 per minute. 
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_ Distant results ^ye^•e checked by us in 16 children up to 2 years postopera- 
tively. Out of 16 children, 14 luid good results and in only 2 wtis the improve¬ 
ment slight. It should be noted that these 2 eliildren belonged to the group 
uith more severe disease. Ail the 14 children who showed good results were 
enabled to walk and nui freely (what they could not do prior to operation); 
in 8 of them slight dyspnea supervenes upon running, but this does not seem 
to bother them much; 5 children use a bicycle. In 6 children, clubbing of 
fingers disappeared entirely and in 8 the sign has markedly decreased. The 
size of the heart has not altered in any of the 14 children. Auscultatory data 
have remained the same as before the operation. It is important to note that in 
no single instance of good postoperative results was there any subsecpient de¬ 
terioration which is in contrast to what we have seen in a number of cases 
subjected to the Blaloek-Taussig or Potts anastomosis. 

Although our experience with the surgical treatment of congenital heart 
disease with insufiieiency of pulmonary circulation by anastomosing the superior 
vena cava and the right branch of the pulmonary artery is modest, we feel 
justified in drawing the following conclusions. 

1. The placing of a vena cava-pulmonary anastomosis for the treatment of 
patients with insufficiency of pulmonary circulatiorr has demonstrated its use¬ 
fulness arrd effectiveness in the treatment of such cardiac lesions. 

2. This operation is not excessively complicated and can be performed by 
any thoracic surgeon who has mastered the Icehniciue of vascular suture. 

3. The advantages of this operation as compared to the interarterial anas¬ 
tomoses are as follows; (a) decrease in the overload of the right ventricle; (b) 
decrease of the overload in the sr'stem of the pulmonary artery, which leads to 
the subsequent sclerosis of the pulmonary vessels; (c) considerable increase of 
the quantity of oxygenated blood; (d) avoidance of recirculation of the blood 
through the interarterial anastomosis; and (e) avoidance of endarteritis, which 
supervenes occasionally at the site of interarterial anastomosis. 
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CEREBRAL CHANGES DURIN<, CARDIORESPIRATORy BYPASS 
USING THE HELIX RESERVOI BUBBLE OXYGENATOR 

Kizi/j Zuhdt, At.D.,* ir-'a/ur joe.’ ' D.,** John Carey, AI.D.,*** Mary Lou 
l-asgella, am! Alien Greer. AI.O..* • Oklahoma City, Okla. 


^ (logs following partial perfusion with a 
tin- arterial catheter placed in a carotid 
d. and Kirby' found lesions characteristi( 
l)is(|uieted by these findings, the follow- 
order to study the gross and microscopic 
. dio|)ii!inonary bypass nsing the helix reser- 


examination of the lirain.s 
DeWall bublile oxygenator 
'■■rtwy. (iiannelli, .Moltban. Best, 
of embolism and infarction in a 
mg experiments were i)erformf<l 
eutmges that occur following tot; 

'oir bubble oxygenator. 

iiwiiotw 

Eight mongrel dogs, weigh • from 15 to 25 Kg., were anesthetizal 
^‘■utothal .sodium and the trach-.. wiis intubated. Following right thoracotomy, 
l»iislic catheters were imserted .■ ■<. the superior and inferior venae cavae a.mi 
Mcludmg tapes placed around t; The arterial catheter was placed m etit-'-r 
" or femoral arterv. A DeWall-Lillche! bubble o.xvgenatori' was 

with heparinized blo(;d. The arterial fillcrt was not used anriug tac 
f. P'lrftmions. Heparin fj mg./Kg.) was injected intravcnotis.^ 
siMi was carried out for 110 minutes at a How rate from -!0 to -M K£./K’j. 
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mg./Kg.) Was given at the end of the perfusion. 

Seven animak were sacriiieed one week following l-erfusion and o^ 
“'pired on the fir>t postoperative day. The braims 'fwo ""F' 

in tteutral 10 per cent formalin for tl weefat The .^- 
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fmug and hemorrhage^, and the base of the brain “ 
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RESULTS 


scooi^GK r, clog. Miero- 

Tiiy br-,iu lltT' chai-aetenstic ot embolism or infarction could be detected in 
Kn i mi alterations were noticed in 2 dogs (No. 3 and 

). 10 } were tew, slight, and preponderantly present in the ganglion 




tig 1. Swollen ganglion cells in some areas in the brain of Dog Xo. i. 

of nuclei. 


Xote the presence 


TaVBbE I. Su^IMAUY OK C'EUbBlbvr, ClI.tXGES IX 8 DOOS PH’.Fb’SI-D USIXG THE MlTIIOD OP 

Lii.leiiei 


Groiop 1. Arterial cath¬ 
eter in catotid arteiy; 
filter used 


Gioiip 2. Aiteiial cath- 
etei in femoral aiteiy; 
filter used 

GiO'U'P 3. Arteiial cath¬ 
eter in femoral aitery; 
no filtei used 


DOG 

NUMBEll 


GltOSb 

t’lI.VXCES 


I MICKOSCOPIC 
EMBOrjStt 
Oil I 


OTlIEll MICROSCOPIC 

_ CIIAXGES _ 

Slight liypereniia of 
moniiigi 

Mild sutellitoais around 
ganglion cells in some 
areas of cortex 

Some swollen ganglion 
cells (Fig. 1) 

None 

None 

None 

None 

Some angulated gan¬ 
glion cells (Fig. 2) 


*Died the flist postopeiatne day 




Fig 2 —Shrunken and angulated ganglion cells as seen in tew areas In the brain ot Dog No 8 


DISCUSSION 

Undei the conditions pievailing duiiiig these eNpcinueiUs, lesions chaiac 
teiistic of infaiction oi embolism could not be detected Theie \ieie no aicis 
of softening, liquefaction, oi henioiihage The site of the aiteiial cathetei oi 
the absence of a filtei did not affect the findings These lesults aie at a con 
sideiable variance with those lepoitcd by Giaiinelli and associates ^ It is pos 
siblc that the alteiations seen by these norkcis weie due to the loiigei duration 
of then expel inients 

Hypoxic changes in the biain aie best noticed in the Bet/ cells, Puilunje 
cells, and in the ganglion cells of the hippocampus (Soinmei’s section) These 
particular cells were well picserved The obseived changes neie fen, slight, 
and in 2 dogs only They aie piobably iclafed to the loiv iieifusion lions 
Disiuptioii of the blood biaiii baiiiei as dcseiibed bj Hodges and his cO noiheis’ 
IS consideied a moie sensitive index of ccicbial altointion than sio histologic 
changes The absence of denionstiable cciebial an embolism b\ the xacuiim 
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technique of Schubert has been discussed l)y Ileiinbecker.* Certainly the ab¬ 
sence of significant histologic changes adds some reassurance to the already 
proved safety of the DeWall bubble oxygenator. 

SUM.AI.VRY 

A De\Vall bubble oxygenator did not cause any detectable gross changes in 
the brain of 8 dogs perfused for 30 minutes at a flow rate from 40 to 50 c.c./Kg. 
^Microscopically, no lesions characteristic of embolism or infarction were seen, 
whether the arterial catheter was placed in the carotid or femoral arteiy and 
whether or not a filter was used. Changes compatible with hypoxia were ob¬ 
served in 2 dogs. 

Deepest appreciation is expre.-seJ for the lielp of Dr. Robert Eaggella, Mrs. Peggy 
Johnson, and Miss Jerry Tucker. 
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NEW METHOD FOR SYSTEMIC ARTERIAL PERFUSION 
IN EXTRACORPOREAL CIRCULATION 

Lws E Nm'iez, A1D, and Chailes P Bade) M D, Pbdadelphia, Pa 


E \tR since extiacorpoieal cueulation toi opiii hcait suigeij was fiist imtiated, 
a ciiticdl question lias been the technique toi establislnnent ot an adequate 
poitiisiou ot the arteiial system 

Foi this piiipose, caniiiilizdtioii ot the subela\ian aitery and/oi the feinoial 
aiteiy has been peifoinied, but liiiiitations ha^e been eneounteicd occasionally in 
then use due to the small diamotei of these aiteiics, especially in infants Even 
in adults, the laigest femoial aiteiy has onh allowed the passage of a No 28 
Pi Baidio eatlietei The pioblem has been accentuated by the lecent trend 
tow aid liighei flows in an attempt to achic\e a ncai noimal ^oluIl■le of pei fusion 
In addition, tlieio is no doubt that a small cathctei may cieate tuibulenee of the 
blood due to the high loloeity necessary inside the eathetei and, as a eonsequenee, 
hemoljsis ot the led cells and dtstiuctiou of the othei sensitne elements of the 
blood ma^ become manifest 

The necessity toi finding aiiothci method of aitorial peifusion was patent 
Siituie of a side arm to the aoita as suggested by DodiilP appeals too time 
consuming Consequently, a new mstiuinent (Pig 1) foi diieot aoitio cannuli- 
/atioii has been designed bj one of us (Luis E Niiiicz) and found useful in 
actual clinical tiial This clamp* peiiiuts quick luseition of a laige eathetei 
into the thoiacie aoita The mstiuinent has been const!noted in saiioiis sues 
to peiinit the use of eatheteis fiom No 12 Pr to No 40 Pi AVitli these clamps, 
full ciiciilatoiy flow lates aie attainable in all cases fiom the infant to the 
adult 

This clamp has also been found iisetiil when an emeigency bjpass is ic 
quiicd Tills occuiied leceiitlj diiiiiig a iioiiopen Inait opeiation on a patient 
in whom caidiao aircst occuiied In a leij shoit time a bjpass was established 
and the aiiest overcome A slight iiiodiheatioii ot this clamp peiniits lapid in 
sei tioii of a catheter tin ough the atnal wall toi ea\ al caniiuli/ation 

TFCHNiqUiS 

Inseition of the eathetei with the clamp is simple and leqiiiics oiilj a 
fiaction of the time needed foi femoial oi subclaMaii aiten caiinulation AVhen 
the chest has been opened (to peifoiiii the main opeiation), an oidinaij 


BeceiACd for publication Nov 5 1958 
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curved Potts clamp, Bock aortic, or Satiusky clamp is placed on the anterior 
wall of the aorta to exclude a small ai'ca. Then, with a bistoury-type pointed 
blade (such as Bard-Parker, No. 11), an incision is made in the area excluded 
to permit the passage of the catheter which has been selected. After the tip of 
the catheter has been placed in the small incision, the excluding clamp is re¬ 
moved, the catheter advanced, and the Nuflez clamp is applied. This holds the 
catheter firmly in place and prevents leakage of blood (Pig. 2). The whole 
procedure requires approximately 30 seconds. 



3 4 



Fig 2 —Diagrram of the four steps for inserting the artificial perfusion catheter into tiie 

aorta. 

At the end of the bypass, the above steps are taken in reverse order. The 
Nufioz clamp is released slightly and the catheter slipped out until only the tip 
is inside the aorta. The Satinsky or Potts clamp is applied as the catheter is 
removed completely, and the aortic incision is sutured. 

A description of the first case in which we employed the clamp follows. 


CASE REPORT 

0. B., a 22-month-ol(l white male, nas found to InaTo a heart murmur at 5 weeks of age. 
Almost since birth it had been noted that he “grunted” at feeding time and after exertion. 
However, no cyanosis had been present. His mental and physical growth had been slow and 
on admission ho could not sit or stand without assistance. 
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Physical examination, reveulod a small but well-devoloped while infant with no cyanosis 
or clubbing, lie had grunting re-sj)!ration. There was a moderate increa.se of the head size 
and the anterior fontanel was widely oj)en. The lungs were clear. Tliero was a palpable thrill 
over the third and fourlli loft anterior interspace.s. A iilowing .systolic murinur (Grade 3) was 
audible in the same area. 

X-ray examination of the heart revealed 2 plus enlargement of the riglit ventricle and 
increased vascularity of the lung tields. The electrocardiogram suggested right ventricular 
hypertrophy. Eight heart catheterization revealed data consistent with ventricular septal de¬ 
fect, with pulmonary' hy'pertension. Skull films rev<‘aled lindings suggesting internal hydro¬ 
cephalus. 

Operation, performed on Aug. 28, 1!)58, consisted of open ventriculotomy' with e.xtra- 
corporeal circulation. Because the femoral arteries were minute in size, the ascending aorta 
was cannulated with a No. 22 Fr. Bardic catheter, employing the Nunez clamp as previously 
described. The venae cavae were cannulated individually through the right atrial appendix. 
A blood flow of 600 c.c. per minute was easily obtained. 

There was a 1 cm. defect in the membranous portion of the intraventricular septum, 
which was closed with an Ivalon patch. The total bypass time ivas 3-1 minutes. The patient 
withstood the procedure well and was taken to the recovery' room in .satisfactory' postoperative 
condition. 

Since then, this tcchnitjiie of eannulntion lia.s become more and more com¬ 
monly employed at our clinic. 

sroniARY 

A new instrument has been devised and employed clinically which allows 
rapid insertion of a catheter into the thoracic aorta. This clamp has been found 
valuable in obtaining a high extracorporeal How rate, particularly in small 
infants. 
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THE FATE OF PERICARDIAL PEDICLE GRAFTS USED IN A FIXED 
POSITION IN VARIOUS CHAMBERS OF THE DOG HEART 


Dei ivaid Lepley, fi , A! D ,* Paul F Hausniann, /II D , and 
Wilson Wenel, /M D, Ahluatikee, Wis 

B ecause of its stiuctuie, pio\iniit\, and reach accessibility, the peiicaidiiim 
has been fieiiiienth utilized toi expeiiinental lepaii of laiious lesions of 
the lieait In 1952, Bailey^ used lolled pediele and “flap like” sheets of pen 
eaidiuni to lepair acute inteiccntiiciilar septal defects in dogs which weie pio 
diiced by a closed method All ot these giafts became atiophic thickened ooids 
of fibioiis tissue and failed in then piUTiosc 

The same yeai, Glovei* lepoited cxpeiimental use ot a tubed pedicle of 
pericardium to close atrial and ventricular septal defects and to augment mitial 
\ahe elosuie in insiiffietenoy Hcie, too, giafts placed m the ventiioulai cham¬ 
bers and septum showed degeneiative changes and leplacement by fibious tissue 
after peiiods of as long as IG weeks 

Mooie,'' 111 1953, used peiieaidiiim as a fiee giaft and as a pedicle to foini 
a sling aeioss the ventncle to collect expeiimental atiioventnculai nisufficiene} 
He noted gieatei eoiitiaetuie and iigidity in those grafts placed acioss the left 
ventncle than in those placed across the light ventncle He also noted less 
aoellulanty and degeneiation in the pedicle than in the fiee giatts 

In 1954, Bailey" lepoited clinical expenence in collection of initial in¬ 
sufficiency by means of iieiicaidial slings extending acioss the ventncle oi used 
as plieating sutuics thiougli the leaflets Heie, too, the icsults weie disap¬ 
pointing because of degeneiation and lepkicenieiit bj fibious tissue with le 
sultant oontiactuie 

In most studies the giaft has bnn placed as a mobile stiuctuie in a lUa- 
tively high piessure chambei The following study was caiiied out to detei 
mine the fate of pencaidial pedicle giafts sewn into acute defects in the septa 
in high pressuie (ventncular), low piessuie (aunculai) cbambei-s, and in the 
outflow tiact of the light ventncle The giaft and pedicle weie tliieaded 
through the septum to close the septal defects and all wcio eonsidcicd to be in 
a fixed position 

Prom the Department of Surgery Marquette Uni\er4,it> School of Medlcme and Mood 
Veterans Administration Hospital Mjh\aukee Mis 
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METtlOD AND AIATEIilALS 


Unprepared mongrel dogs were used in all experiments. Sodmm Pentothal 
was used in amounts adequate to maintain light anesthesia. A right thoracotomy 
was performed and the venae cavae encircled with tapes. A femoral artery was 
caniiuLited i'oi aiteiial return troiu the extracorporeal circuit. Cannulae drain¬ 
ing the \cniio eavae ucie brought through the right atrium and connected to 



Fig-. 1—Method of pUcenient of pericaidial pedicle giafts in each of the three gioupij 
of expei iments. 

1, Pedlcled graft picked up by a ligatuie earner to be pulled through the ventricular 
septum. 2. The giaft is sutuied in place. J, The giaft and pedicle aie pulled through the 
mteraurlcular septal plane and sutuied Into the defect }, The pedicled graft sewn into posi¬ 
tion m the outflow tract of the right ventricle. 


a gravity drainage reservoir. Complete heart-lung bypass was carried out by 
means of a Sigmamotor finger pump, developed at the University of Minnesota, 
and a plastic sheet oxygenator.’^ Prior to caunulation, heparin Avas given in¬ 
travenously ill the amount of 1.5 mg. per kilogram of body weight. Following 
bypass, protamine was given in a dosage equal to twice that of the heparin ad¬ 
ministered. At completion of the cardiac operation, the chest Avas closed and 


♦Travanol Laboratories, Moiton Grove, 111. 
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tubes brought out for subaqueous drainage. The tubes were removed after 
drainage ceased and tiie lungs were expanded. Three groups of e.xperiments 
were carried out. 

Group I .—A right ventriculotomy was perfonued and an 11 inm. defect 
created high in the anterior muscular septum with a cork borer (Fig. 1, 1 and 
3). The previouslj' tailored pedicle of pericardium was pulled through the 
septum and ventricular wall with a ligature carrier. The pedicle graft was then 
sutured over the defect with interrupted 1-0 silk sutures and the ventriculotomy 
closed. It was not necessary to place sutures at the site of entry of the graft 
in the ventricular wall. 

Group JI .—A right auriculotomj' was performed and a 1 cm. area of the 
auricular septum was removed. Under direct vision, a ligature carrier was 
passed through the plane of fusion of the auricular septum and the pedicle 
graft brought into the defect (Pig. 1, 1). This graft was then sutured into 
place with interrupted 4-0 sutures and the auriculotomy closed. 

Group III .—A right ventriculotomy was jterformed and a tailored pedicle 
of pericardium was used to close the ventriculotomy in the outflow tract. The 
graft portion was 2 cm. wide and 3 cm. long. Continuous sutures of 1-0 arterial 
silk were used to suture the graft to the myocardium (Fig. 1, 3). 

All animals that survived were sacrificed 6 months after operation and 
autopsy was performed. The heart was carefully examined grossly, photo¬ 
graphed, placed in formalin, and subsequently sectioned for microscopic study. 
Sections were cut through the graft site and through the pedicle. These were 
studied grossly and microscopically using hematoxylin and eosin stains for evi¬ 
dence of survival of the graft, calcium deposition, and degree of circumferential 
scarring. 

RKSULTS 

Group /.—^Twenty-four animals were operated upon and 11 of them sur¬ 
vived 6 months. Of the remainder, 6 succumbed on either the day of surgery 
or the first or second postoperative day due, in most cases, to bleeding or pul- 
monaiy complications. Six animals succumbed 3 days to 3 weeks after opera¬ 
tion, 3 of empyema and 3 of distemper. 

All annuals were autopsied and in every instance the defect was completely 
closed. No evidence of ante mortem thrombus was found in those succumbing 
early or upon sacrifice. Table I depicts the pei’tinent gro.ss and microscopic 
findings in all tlmee groups. It is noteworthy that shrinkage of the graft oc¬ 
curred in about 50 per cent of animals in Group I. In no instance was a smooth 
flat surface seen either on the right or left ventricular side of the defect (Fig. 
2). Calcium deposition was seen grossly in three instances and additionally in 
three others microscopically. 

The pedicle of the graft was identified grossly in G and microscopically in 
5 of the animals. In the remaining 5, it had become incorporated into the 
scarred adherent pericardium and could not be identified. 
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Jlieiosoopically, there was rather intense fibrous tissue pioliferation about 
tlie graft extending a variable distance into the myocardium (Fig. 2, B). 
Cluonic inflammatory reaction about the silk sutures was pronounced. In the 
sections througli the pedicle within the \entiicular wall and septum, the pedicle 





D 

Fjg 2—Heart of Dog No 59 sacnftced 6 months after placing a peJJcled pericardial 
graft In ventricular septal defect. 

A, The right ventricle is opened The septal defect In the center is healed and a mound 
of contracted fibrous connective tissue lias replaced the graft Tlie healed ventriculotomy 
Is at left. 

B, Photomicrograph showing the healed defect in cross section. 

was seen as a lounded mass of fibrous tissue witli little reaction around it, but 
endothelium could not he identified. In each instance tlie graft was replaced 
by a large mass of fibrous connective tissue sliowing little cellularity .ind in 
some instances elevated above tlic septum 3 to 6 mm. Tliiomhosed vessels weie 
not seen in any of tlie sections. 
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Group II .—Auricular septal defects were made in 13 animals and were 
closed with pericardial pedicle grafts. Of these, 7 survived 6 montlis and were 
sacrificed for stud}^ The remainder died from one day to 3 weeks following 
operation from the effects of surgical heart block, bleeding, or from infection. 






FiK. 3—Heart of Dog- No 73. Atiiai septal defect closed ^^.th pedicled pericaidial 
g, aft Sacrificed after 6 months^ 

A, Right atrial septum 
not marked 

B Reft auricular septum. 


'tIio defect is well healed and scan mg at the niaigms is 
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In all animals, tlie defects were found to be closed at the time of death. 
On gross examination, marginal scarring and shrinkage of the graft were found 
to he minimal in the 7 siindving 6 mouths (Fig. 3). In 4 of the 7, the graft 
and its margins were soft and pliable The otlier 3 presented some rigidity 
and thickening on palpation. In all hut <ine, the graft pedicle was easily found 
in the interauricular plane. Mieroseopn .[ll\, the graft showed a normal cellu- 
larity except for moderate inliltration with fibroblasts and collagen deposition 
with minimal adjacent scarring as compaied to those placed in the ventricular 
septum. In one instance, calcium deposition i\.is seen and in another there was 
moderate scarring which appeared to be lelati d to use of too many silk sutures. 
The iiediclo was identified in the septal plain in all but one dog. 




Fig' 3.—Cont'd. C, Photomicrograph sliowing a cross section of tlio graft ami pedicle 
The pedicle Is the A\hlte mass of fibrous tIs^>ue extending a\\d> from the defect in the upper 
left corner 


Group III .—A pericardial pedicle graft was placed in the wall of the out¬ 
flow tract of the right ventricle in 10 animals. Five survived 6 months and 
were sacrificed for study. The otiier 5 animals bled to death because of the 
technical difficulty of obtaining adequate closure between the niyoeardinm and 
the relatively fragile dog pericardium. 

In all surviving annnal.s, shrinkage of the graft wa.s marked, particularly 
in the lateral plane. The graft was found to be a thickened cord reduced from 
an original 2 cm. to about 0.5 cm. In iio instance was aneurysmal dilatation 
seen. The pedicle ot the graft could not be traced grossly nor mieroscopically 
in any of the 5 animals (Pig. 4). Cross sections of the grafts revealed dense 
acellular fibrous tissue wltich separated the myocardial edges only 4 to G mm. 
as was noted grossly. 
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DISCUSSION 

The fate of iiericardial pedicle grafts in a “fixed’’ po.sitiou as opposed to 
mobile grafts (such as transveiitricular slings) is determined to large extent 
by the pressures in the chambers in which they are placed. 

Jlinimal fibrous tl.ssue reaction with resultant scarring contracture was 
seen, in those grafts placed in the auricular septum, whereas marked scarring 
resulted with the grafts placed in the ventricular chambers. These findings 
closely correlate with the evidence supplied by other workers. 



Fig:, t.—Heart of Dog’ No. 82 showing the Hbrous tissue replacement of a. Kraft. “ 

Wide by 3 cm, long:, used to biidfje the outilow tract of the ntjht ventricle* -the annnai 
was sacrificed 6 months after operation 


It seems possible that any tissue placed in such a position under a pressure 
higher than its capillaiy pressure would be deprived of arterial supply and 
venous drainage, and could be expected to degenerate with conseciuent replace¬ 
ment by fibrous connective tissue. 

As a result of these studies, it is concluded that a pedicle pericardial graft 
would be a rea.sonablc prosthesis for use in closure of interauricular defects in 
human subjects. 


SUMMARY 

1. Pedicle pericardial grafts were used to close auricular and ventricular 
septal defects and to enlarge the outflow tract of the right ventricle in dogs. 

2. Grafts in the ventricular septum and in the outflow tract of the right 
ventricle showed mai’ked tissue reaction, degeneration, and were replaced with 
avascular connective tissue after 6 months. 

3. Similar grafts placed in the auricular septum survived without con¬ 
tracture, and fibrous tissue reaction Avas minimal after 6 months. 
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CARDIAC TAMPONADE AS A COMPLICATION OF 
LEFT HEART CATHETERIZATION 

Kamta P. Si/iha, and Edward A. Pitch, AI.D,,** 

Philadelphia, Pa. 

I X a recent repoi-t, Kavanagh-Gray and Drake^ reviewed the complications of 
left heart catheterization. Seven deaths were reported in a series of 490 
cases. One death was due to cardiac tamponade as a result of inadvertent 
puncture and tear of tlie ascending aorta.- Three more cases of cardiac 
tamponade were reported; however, the exact cause of tamponade was not 
mentioned. AVe are rei)orting 2 eases of massive eartliae tamponade as a compli¬ 
cation of left heart cathetcrizatioi\ prc.senting some very unusual features. 

C.\SE nEPORT.S 

Casi: 1.—E. G., a 24-j-eiir-ol(l white man, entered the Hulmemaun Hospital on Aug. 12, 
1958. Ilis only complaint on admis.sion was progressive fatigability on inoderato to mild 
exertion. He denied having dyspnea, orthopnea, palpitation, cough or hemoptysis. He did 
not remember having rlieuniatic fever or its equivalent. A heart murmur was first discovered 
in a routine school examinution at the age of 13. He did not develop any symptoms until 6 
months previously when he noticed tliat he was easily tired on his usual job. The past history 
and family history were noncontributory e.Kcept for complete paralysis of the left facial nerve 
since birth. 

Physical examination revealed a young healthy male in no obvious discomfort. Pulse 
rate was 100 per minute and regular. Blood pressure was 130/60 mm. Ilg. Head and neck 
were not remarkable e.xcept for the incidental finding of the paralysis of the left facial nerve. 
The lungs were clear on auscultation. There was a palpable diastolic thrill at the mitral 
area. The apical impulse was not forceful. Auscultation at the ape.x revealed a sharp mitral 
first sound, no systolic murmur, opening snap, and Grade 2 mid-late diastolic rumble. 
Pulmonic second sound was louder than aortic. There was also a Grade 1 early diastolic 
murmur at the third intercostal space at the left sternal border. Examination of the abdomen 
and extremities was negative. Peripheral signs of aortic regurgitation were not j)resent. 

Eadiologic examination revc.aled a normal-sized heart with minimal enlargement of the 
left atrium (Pig. 1). There was suggestive evidence of left ventricular strain and hypertrophy 
on the electrocardiogram (Pig. 2). A tentative diagnosis of mitral stenosis due to rheumatic 
heart disease was made. However, aortic valve disease could not be ruled out. Suprasternal 
transthoracic aortography was performed according to the technique of Lehman, Lemmon, 

This work was supported in part by Brith Sliolm Cardiopulmonary Laboratory. Hahne¬ 
mann. Medical College and Hospital, Philadelphia, Pa. 
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•Electrocardiogram of the patient with auggestivo evidence of left 
and hypertrophy. 









































































































722 


STNIIA AND PITCIE 


J. Thoracic Sutk. 
June, 1959 


Boyer, and Pitch.a Aortic regui<,ntatioii was thereby ruled out. However, the morphology of 
the aortic vaUular region was abnormal and suggested tlie jmesoiice of a In'euspid valve (Pig. 

A left heart catheterization with dye studies was planned to determine the severity of 
altered hemodynamics due to mitral stenosis and also to rule out aortic stenosis. The left 
heart catheterization was started according to the usual tcchnkpie with a preraedication of 
Seconal, 1% grains, and Demerol, 50 mg. During the first two attempts tiie needle did not 
enter the left atrium; however, during the third att(‘mpt tlie needle entered a chamber which 
was thought to be the left atrium inasmuch as bright red blood came out of the needle at 
very low pressure. In addition, sevenil atrial premature beats were noted on the electrocardio¬ 
gram at the time of the Jieedle puncture. At this time, the patient suddenly developed a 



Fig-. 3.—Aortogram of the patient sliowing sliglit deformity of the aortic valves without anj 

aortic regurgitation. 

marked bradycardia of 16 beats per minute followed by a generalized convulsive seizure. Ihe 
needle was immediately withdrawn from the back and 1 c.c. of atropine was given *'^*-'* 
muscularly. An endotracheal tulje was introduced and oxygen insufflation started. or a 
moment the bradycardia improved and the cardiac rate increa.sed to 100 beats per minute. 
The blood pressure was unobtainable, although a carotid pulse was palpable. In a ew 
moments marked bradycardia again occurred with a bizarre ventricular complex. ear 
sounds could not be heard. The carotid pulse faded beneath the palpating fingei to 
become imperceptible in a few seconds. Tliis pathognomonic evidence of failing cardiac 
action prompted an immediate left anterior thoracotomy. There was massive hemopericar lum 
present, resulting in cardiac tamponade. The heart had stopped. The pericardium was incise 
anterior to the phrenic nerve and the tamponade relieved. An estimated 500 c.c. of oo 
gushed from the pericardial sac. The heart was small and flabby. Cardiac massage was 
instituted as the feet were raised high to provide a venous autotraiisfusion. Unmatche ype 
0 blood was obtained promptly from the blood bank and immped into a peripheral vein. i 
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ciirdiac coafractious were feeblo and ineffective, altliough increased ventricular filling iias 
evident under tlie mnsiaging liand. One euliie centimeter of 1:1000 Adrenalin iias injected 
into the left ventricular cavity. Pioiiipt and effeitue contractions ensued. Tlio blood pressuie 
uas still very loiv (Fig. 4). At tills stage, it was nnted that there iia.s a continuous oozing of 
blood. The soiiico of bleeding could not be .iv,, ilaiiied. The patient lias put on Bennett’s 
respirator and a transternal bilnteinl tiioraintoiuv toinplcted. Tlie heart iias lifted to 
visualize the posterior surface of the left atrinin No bleeding was found. A jet of blood 



Flit 4.—Brachial artery pressure tracing showing veiy low arterial Plessure before the suture 
of the tear In the aorta. 



Fjg. j—Braclilal artery pressure tnacinc showing the eatablislied aiterlal pressure after the 
suture of tlie tear m the aort<i. 

spurting from the coronary aortic sinus was located by the exploring finger. The rent seemed 
to bo about 0.5 cm. in length and located iu the thmncst portion of the wall of the ascending 
aorta, i.e., tlie aortic sinus. The tear was sealed with the finger while the heart rate and blood 
pressure stabilized (Fig. 5). Niue pints of blood were infused. The rent wa.s sutured and 
tlie chest closed. The entiie procedure was performed on the cardiac catheterization table 
and w’as completely unsterile. 

A tracheotomy was performed for retained tcerctions. Heavy doses of multiantibiotic 
therapy were used. The first 3 days were stormy; complicated by pneumonitis, retained secre¬ 
tion, mental confusion, hyperpyrexia, myoeardial irritability (Fig. 6j, and electrolyte im¬ 
balance. Howeier, the rest of the hospital course was uneientful. 

Case 2.—J. B., a 43-ycarold white woman, entered the Ilahnemaim Hospital on Aug. 
8 1958. The patient was m good health until 18 months previously, wlieii she had suddenly 
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vouiited a large quantity of blood. At that time a heart murmur was discovered and the 
patient was told that she had heart disease. From that time on the patient gradually de¬ 
veloped weakne.ss and e.xertional dyspnea. However, she never experienced any orthopnea or 
palpation. Fluid began collecting all over her body, starting from the lower extremities. 
She was put on digitalis and diuretics. At the time of the pre.sent adini.''sion to the ho.spital 
her chief complaints were swelling of abdomen and extremities, generalized weakness, and 
easy fatigability. The patient denied having rheumatic fever or its equivalent. The rest of 
the history was noncontributory. 








I ^ f ^ ^ 



.■Bh 
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Fig. 6.—Postoperative electrocardiogram showing change in aVz. 

Physical examination revealed a chronically ill female with marked ascites and swollen 
extremities. Pulse rate was 84 jier minute and regular. Blood pressure was 100/60 mm. Hg. 
Neck veins were prominent and pulsating. There was some facial edema. Auscultation of 
lungs revealed bilateral rales, but there was no evidence of pleural effusion. Apical impulse 
was displaced to the left and there was also a palpable impulse at the fourth loft uitei- 
space at the side of the sternum. On auscultation there was a blowing systolic murmur of 
Grade 2 to Grade 3 intensity at the mitral area. Mitral first sound was loud. There was no 
diastolic murmur. Pulmonic second sound was 2 to 3 plus accentuated. Examination of the 
abdomen revealed 3 plus ascites. Liver could not be palpated due to the massive ascites. 
There was 2 to 3 plus edema of the extremities. 







Fiff. 8.—Electrocardiogram of the Patient J. B. showing evidence of right ventricular hyper 

trophy. 
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Lilborutory investigations revealed some evklence of renal and liopatie dainage as indi¬ 
cated by 23 per cent excretion of tlie dye at the end of 2 liour.s in phenolsulfonplithalein test 
and retention of 28.4 per cent of the dye at the end of 45 min. in Brom.sulplialein test. Hou'- 
over, in tlie presence of mnrkeil congestive failure, these values could not bo properly inter¬ 
preted. A Congo-red test was done showing the disappearance of only 15 per cent of the dye. 
Serum iron was 7ti mg. per cent (normal range is 50 to 180 mg. i)er cent). 
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Vojiou» pre-^suro m t)io basilic rein nas i!(i nira H,0 and on abdomin-U compression 
It rose to 370 mm II.O Aim to tongue urcniitioii time was 30 siconds and aim to lung was 
6 "oconds 

Kadiologu' OMminatiou rcveilccl tlio si/p f fli heait to he 3 plus enlarged Tlie en 
Iirgcincnt of the spctilie thanihor could not I u uratilj defined Tlie pulinonai> artei^ 
scgniout and liiKir \e«sels were 2 to 3 plus enlu^t 1 Tluiy was no e\idei\ce of classifieatiou 
either in the pericardmiu or ,it the \.iUe m t I i„ "I A eontrast \ ray stuth of the 
esophagus and uppei gastiointestnial tract w is n Minil 



Fig: 11—Pressure tracing of left ventricle ami left utiiuni taken siniultancouslj Tliero is 
no e\iilence of mitral stenosis 



Fig 12—Pressure tracing of left \entriclc and brachi il artery taken slinultaneouslj' There 
is no evidence of aoitic stenosis 

Tliere nas evidence of right ventricular Iijpertrophv in the eloctroeardiogr.nn (Fig S). 
At this stage a definitive diagnosis could not be made The follonnig jiossibilities were 
considered: (1) mitral stenosis with tricuspid insuthciency, (2) constrictive pericarditis, and 
(3) essential pulmonary lij'pertension. A right and left heart catheten/atiou was < ontempJated 
to reach a more definitive diagnosis. 
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Ou right heart catheterization, the pressure in the right ventricle and pulmonary artery 
was greatly elevated (E. V. 122/19) with a deformity of the pressure tracing during the 
diastole of the right ventricle (Fig. 9). There was no evidence of intraeardiac shunt. A left 
heart catheterization was then attempted. The needle went into the aorta (Fig. 10). The 
needle was then withdrawn and in the second attempt it entered the left atrium and then to 
the loft ventricle. All the pressures were obtained. It did not show any gradient across the 
mitral or the aortic valve (Figs. 11 and 12). Apparently the patient was in good condition 
and was sent back to her room. In the evening, at 7 p.m., the patient suddenly collapsed and 
there was no pulse. Hand bellows respiration and pericardial paracentesis were immediately 
performed. Blood escaped under pressure and a total of about 400 c.c. of blood was with¬ 
drawn. At the end of the procedure, the blood pre.ssure rose to 00/00 mm. Ilg. At about 4 
A.M., the patient again had a similar attack. Again a needle was introduced in the peri¬ 
cardium but nothing came out. As the needle was withdiawn, the patient developed cardiac 
iirrest. The chest was opened. There was about 200 to 300 c.c. of blood and blood clots 



Fiff, 13 —MicrophotOKTaph of tlie biopsy of lunjr showing medial hypertropliy and sj^intimal 
proliferation of the brandies of pulmonary artery. Arterioles show areas of iiorosis. 

in the pericardium. It was removed and cardiac nia.ssage was started. For a while the heart 
seemed to come back to normal sinus rhythm, but again it stopped. The patient was pro 
nounced dead. There was no evidence of constrictive pericarditis. Multiple strips from lung 
and atrium w'ere taken for biopsy studies. Histology e.Namination of tlie atrium was noimal 
except for some hypertrophy of the muscular layer. There was no evidence of fibroelastosis. 
Microscopic examination of the lung show^ed moderate thickening of the layer of pulmonaiy 
arteries due to medial hypertrophy. There was occasional subintinial proliferation. Arterioles 
showed areas of fibrosis (Fig. 13). These findings wmre consistent with jmlmonary hypei 
tensive disease. 

DISCUSSION 

Left heart catheterization, is a routine procedure in cardiac centers interested 
in the detailed study of cardiopulmonary pathophysiology. However, there is 
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no uuiloiimty nitli icgaid to the fechnuiu ot left heait catheteii/atioii In oui 
e\peiience, Pisliei’s modification of Bioik s piocediiie lias been most satisfactory 
Ilowoier, in aoitie laho disease and iii t ists ut initial \ ahe disease with noimal 
sued left atiium, the piincture of the mil i is not iiiieominon Similai experi 
ences ha\c been lepoited by most of the i u holoijists -nlio use this technique * •’ 
Bagger, Byoik, and Jlalonstioui’s pati nl lud ot eaidiac tamponade due to 
piiiictiiie ot the ascending aoita= How \ci the\ felt that a piorapt suigical 
intcivention might haie sa\od tlie pitnnt \ Biitjsh gioup led by Sii Russel 
Broek^ had 3 deaths ui a senes ot 24 casis II imphasized the complication ot 
piinctuiing the aoita in eases ot noimal si/i I li li atinini, so much so, that he 
does not employ this pioceduie in aoitic \ah disease In such cases, he 
punctuies the lett yentiicle diieetlv tioni the mtenoi appioach and measuies 
the LA'' BA giadient by putting a Couinand needle m the biachial aiteiy In oui 
expeiience, punctuie of the aoita is iiifieqiient and complications due to this 
ale veiy uncommon On the other hand, m tiansthoiacic siipiasteiiial aortog 
lapliv, the aoita is entered at its loot ivith a needle identical in size to that ot 
the loft heait eatheteuzation needle, usually in the extrapeiieardial thickei 
poitioii of the aoitio ivall 

In oui first case, the puiietuie of the aoita was followed by a teai of its ivall 
lesulting in caidiae tamponade This is the second case in liteiatuie ui winch 
caidiae tamponade developed duo to a tear of the aorta Byoik’s patient died 
Duo to piompt suigical action taken by the suigieal team piesent oui 
patient leeoyeied In oui second case, caidiae tamponade do\ eloped giadually 
and thoiaeotomy failed to help the patient 

suyniABY 

Two cases of massive caidiae tamponade, one due to a teaa ot the loot of 
the aoita and the othei due to punctuie of the aoita dining left heait cathetei 
ization, aie lepoited The inheient dangei of unintentional aoitio punctuie 
dining left heart catheteiizatioii in cases of noimal sized left atiniin is 
emphasized The piompt suigical action to lelievc the tamponade and suture 
the aortic teai was lifesaving iii oui fiist ease 
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PRIMARY MEDIASTINAL TUMORS 


Joseph Hodge, Ai.D.,* Gonzdles Aponte, Al.D,, and 
Edward McLaughlin, M.D., Philadelphia, Pa. 


T here have been many reports eoneerncd with tlio classification, description, 
and treatment of mediastinal tumors and cysts. This paper is a review 
of a series of 42 iinselected eases of primary mediastinal tumors originating 
in the mediastinum and cla.ssified on the ha.sis of pathologic types in specific 
anatomic locations. The large number of thymomas in this relatively small 
series is noteworthy. 


DAT.V AND METHOD 

During the yeai-s 1942-1958 inclusive. 74 cases diagnosed as being medi¬ 
astinal neoplasms were found in the clinical and necropsy records of the 
Depaidments of Surgery and Oncology of the Jefferson Medical College Hospi¬ 
tal. Foi'tj'-two of these were diagnosed as primary mediastinal tumors. Medi- 
a.stinal ma.s.ses which did not originate primarily within the confines of the 
mediastinum per se were excluded from this series. The clinical i-ecords have 
been reviewed and the histologic type of tumor confirmed in each case. These 
tumors have been divided into benign and malignant thymomas, neurogenic 
tumoi-s, teratomas and dermoid ey.st.s, and incidental tumoi-s, i.e., bronchial 
and pericardial cysts, hamartomas, and lipomas. Each type is discussed 
separately (Table I). 

INCIDENCE 

Neurogenic neoplasms, benign and malignant, are the most common types 
encountered in the series reported by Blade.s,‘ Brewer,- Shidler and Holman,® 
and Ringertz.* In this series, neurogenic tumors comprised 26 per cent ot 
42 primary cases. [Malignant and benign thymomas comprised the most fre¬ 
quent tumor, 43 per cent of the total, as compared to 7.5 per cent thymomas 
of a total of 241 mediastinal tumoi-s reported by others.^'" Ringertz and 
Lidholm found thymoma present in 19 of 155 cases (12 per cent) of primary 
and secondary mediastinal neoplasms studied. Six different reports ranked 
teratoid tumors and cysts second in frequency.^'® This variety was third 
in our series and accounted for 19.0 per cent of the eases. The remainder 
of our cases consisted of pericardial and bronchial cysts, intrathoracic lipoma, 
and hamartoma. 

Received for publication Nov. 24, 1958. 

*Rresent address: Hodge Clinic, 3 Catawba Street, Spartanburg, S. C. 
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Thymoma was tlio tjpo of mediastinal neoplasm eiicoiintoied most fie 
fluently m this stiulv The aicnge age of the patient was 412 yeais anil 
it occimeil moie tnmraonU in males of the white late (Table IIB ) 

The most oomnion siti in oui senes was the upiiei antenoi meiliastinum 
The tniiioi may also be fonml in the siipenoi oi middle mediastinum oi otlici 
loo itions * 

Dyspnea and cough neie tin chief tomplaints in nvei 64 pei cent of the 
patients Chest pain was a complaint in 55 per eent of the malignant gioiip 
Symptoms of iiijasthenia giaiis and cough neie piesont in 2 cises of hciiign 
tlijmoma Benign thymomas cause symptoms by compiessioii wheiess the 
maliginnt tliyinoma iiuadts suiiounding stnictuies, le, Msteial plcma, pcii- 
c.iuliiiin ete Roeiitgenogi ams svere diagnostic in a))pio\iniateIy 40 pci cent 
ot tin p-iticnts Tlutc patients wcie asymptomatie and an intiatlioiacie mass 
wis liscoMud by loutine x lay studies The hiiding of a qiiadiilateial foim 
ot IK plasm ill the aiitonoi mtdiastinuin oi supenoi mediastinum is siigges 
tue (>1 tbjmi m 1 Siiigical ixeision svas the tieatment of choice (Table IIB) 

IltiUiu steniitiiii was the ajipioath iitili/ed in 4 iiatieiits This ap 
pioach has tin i I in ot making the gland uadily accessible since the 
mediastinuiu II i Kued fiom the neck to the diipluagm Ilypeiplasui 

or pcisisteiit I may he associated with Oiaces’ disease, Addison’s 

disease and <i i maUgiiaiit thj momas most tiequcntlj oh 

seised weie i |h ongiii, luimclj, lymiihocpitliciioinatous in type 

(see Pig 2, A / iH 1 ins consisted of .m admistuie of both lymphocytis 
.iiid epithelial s 1 w is nioic coiiimon in tlu adult p iticnts Otliei 
vaneties nnln i d *h )\niphosaicomatoiis caicinouiatous, letieulum and 
Hodgkin’s cell t i isi 1 ig 2, ZlandU) 
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Table HA. Ixcide.n’ce of Tuymic Tumok.s in Sevebal Seuie.s 



HODGE 


BllEWEIC 

SIIIDLEIt 

lUXGEKTE 

UKAD- 

EFFLER 



blades1 

& 

& 

& 1 

FORD 

& MC- 

CURREKI 


ET AL. 

DOLLY-* 

1IOLMAX3 

LIXDUOL.\tl 

ET AL.5 

CORMACK<= 

1 & OALEI 

Benign 









tlijiuomas 

4 

0 

2 

4 

JO 

.3 

19 

2 

Malignant 





thymomas 

14 

- 

- 

- 

- 



- 

Table I IB. Tiiymo-mas 


Total Number of Cases IS 

Ago 


6 moiitlis to 72 yeans 
Sox 

10 males—S females 
Race 

12 white—t) Negro 
Diagnoshs 

Benign th^'iiioma—1 
Malignaut thymoma—14 

Pathologic Tyik's of Malignant Thymoma Confirnieil 


by Hi.stologic .Study of .Specimen 

1, Lymphoc^'tic-lymphoepithelioma 7 

2. Reticulum cell 1 

.'1. Carcinoma 

Anaplastic primitive epithelioma 1 

Lowonhaupt group 1 2 

H a.s.sall’s corpuscle 1 

4. Hodgkin’s granuloma 1 

5. Lymphosarcoma 1 

Associated Disease 


^ryasthonia gravis a.ssociated with 2 ca.<c.s of benign 
thymoma and lymphosarcoma type of malignant 
thymoma 
Treatmctit 

1. Operative 

Tlioracotomy and excision H 

Tlionicotomy and incisional biopsy 1 

Supraclavicular node excisional bioixsy 1 

2. Nonoperative 

Both cases confirmed by autopsy_2 


Malig’iiant thymomas metastasize chiefly by direct extension and lym¬ 
phatic permeation tliat may involve distal striictnres of the mediastinum. 

Prognosis .—Over 50 per cent of the cases have been followed. Survival 
ranged from 10 months to 13 years; the average was 3.7 yeai’s. Three patients 
who received radiation in addition to surgical therapy, survived 10 months, 2 Y 2 
years, and 3 years, respectively. 

THYJIOJIA-jrYASTHENlA GRAVIS 

Approximately 15 per cent of patients with myasthenia gravis have an 
associated tumor.'* .Surgical removal of benign thymoma benefits 50 to 70 
per cent of the patients^® and is advisable because of the possibility of ma¬ 
lignant transformation.**’ *-’ In our series there were 2 benign and 1 ma¬ 
lignant thymomas and there were ceidain common features in each case. The 
patients presented symptoms of myasthenia gravis (weakness, fatigue, eye 
signs, ptosis, blurred vision, dysphagia) and pulmonary symptoms, i.e., chest 
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FIff I—■\Ialjffnant thymoma HmiJbosaicoma Thymoini ajssociattf] witlj mja&thcnia graMa 
A, Chest X ray film—posteroanlorlor IS Chest \ ray film—lateral 
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pain, cough, and dyspnea. Wxuininalioii of the chest Avas es.seutiully normal, 
nit roentgenograms revealed the ])re.seiicc of an anterior mediastinal tumor, 
in each ease tlio patient Avas maintainetl on adequate do.se.s of Neostigmine 
bromide, Diprosligminc, itfestinon, epliedrinc sulfate and, at times, it Avas 
necessary to administer atropine to counter the effects of para.sympathomime- 
tic thcraiiy. Nleetive tracheostomy 24 to 48 hours prior to thymectomy is 
extremely important in aA'erfing pulmonaiy complications; this aams done in 
one patient. Ifad ti’acheostomy been performed in another, this patient Avould 
have survived imlmonary comiilications. 


Thymectomy Avas performed through a median sternotomy. FolloAving 
ojieration the patients imiiroved and required le.ss para.sympathomimetic 
drugs.'" Histologically. tAvo of the tumors Avere benign and the third Avas a 
lymphosarcomatous type of malignant thymoma (hMg. 1, A-C). The ma¬ 
lignant lesion Avas treated with radiation postoperatively and the patient is 
asymptomatic and greatly improved. One jmtient of this group Avith benign 
thymoma has lieen followed over 13 years and is doing avcII. 


HK.NKiN THYMO.AI.VS 

Henign thymomas were found in patients Avhose ages ranged from 6 
months to 2(5 years ami the mo.st common .symptoms on admission Avere dysp¬ 
nea, eougli, chest pain, and Avhee/.ing. X-ray .studies confirmed the presence 
of a mediastinal mass. Physical examinations Avere negative. 

In one patient a thoracotomy was done; in a 6-moutli-oIcl infant and in 
a 19-year-old Avoman with myasthenia gravis, median sternotomy Avas per¬ 
formed. Pathologic study coidinncd the presence of thymic tumors. Gen¬ 
erally patients were well and asymptomatic 10 years following operation. 

AIALIGN.ANT THYAIO.AIA.S 

Of this type, the uia.joritj' of lymphocpitheliomas and reticular cell Amrie- 
ties Avere found to be asymptomatic. The carcinomatous (IfassalPs corpuscles, 
anaplastic) and Hodgkin's typos Averc found to be symptomatic. Tn the pa¬ 
tients Avithout symptoms, routine x-ray .studies usually disclosed the presence 
of a mass, Avliercas symptomatic jiaticnts complained of nonproductive cough, 
dyspnea, and chest pain. Physical examination of the chest disclosed evidence 
of a decrease in resonance and breath sounds Avitli dullness to percussion. 

Findings of tracheal narroAviiig, displacement of the traelieobroncliial 
tree, or blood in the bronchus at bronchoscopy Avas of significant help in the 
diagnosis of malignant thymomas. 

In one ease, a reticular cell tumor surrounded all the vital vessels arising 
from the arch of the aorta. (Fig. 2, E). In another of the anaplastic carci¬ 
noma type, an incisional biopsy Avas performed folloAved by deep radiation 
therapy. In a third patient Avitli Hodgkin’s type of malignant thymoma, AAdiich 
filled the entire left hemothorax and Avas densely adherent to the lung radia¬ 
tion therapy Avas administered following excision of the tumor. Nine years 
folloAving operation, chest roentgenograms shoAvecl no progression of the tumor. 
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NEUKOGENIC TUMOKS 

Intratlioracic neurogenic tumors rank second to intratkox’acic goiter as 
the most common mediastinal tumor (Fig 3, A-E). These tumors^'* anse from 
intercostal nen^cs or nerve sheaths, ganglion cells, sympathetic cells, and 
pheochromocytes. The majonty iire benign. Age and sex incidence in our 
series are given in Table IJI. 



Fiff 2—Jlallgnant tli>moma. .1, Lyinp)ioepithelioma-chebt x-ray film. 

The tumois are located predominantly in the paravertebral area of the 
tipper portions of the postei-iov mediastinum. Over 90 per cent were benign; 
neurofibroma being most common. Malignant sympathicoblastoma and neu- 
roblastiima accounted for the malignant types. 

In one halt ot the patients, the chief complaint was dyspnea. Retrosternal 
pain was present in 3, 5 patients were asymptomatic. Roentgenograms were 
diagnostic m 6 of the eases. Histologic study of the surgical specimens con¬ 
firmed the diagnosis m all eases. 

A clinical Instoie of chest pain, dyspnea, with roentgenographie evidence 
of a lobulated or round mass iu the posterior or upper posterior mediastinum, 
is highly suggest!' e of a neurogenic tiunor. As a rale, malignant neurogenic 
neoplasms cause pain 

Surgery is the tieatmont of choice; radiation therapy has little.effect upon 
this type of neoplasm Surgical intervention was,attempted in •• -and 
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Fif;. 2 —Cont’d B, Groas specimen of lyiiiphoepithelioina 

C, Microscopic section of so-called lyniphoepithelloma of tlie thymus (thymoma) Side 
by side can be seen an area rich in small lound cells with little or no discernible cjtoplasm 
(lymphocytes) and one composed of elongated cells with oval, large, vesicular nuclei ami 
scanty pale cytoplasm (Hematoxylin and eosin X200.) 



Volume 37 
Number 6 


PKIIIARY MEDIASTINAL TUMORS 


737 




Pig 2—ContU D, Tiijmlc cucinoina—Ha'WT.U corpuscle tjpc Gross speciiutii 
C "Microscopic specimen of reticulum ccU sarcoma in\ol\lnp Uie Ihyimis The Held is 
crowded by large cells with bizarre hypcichromatic nuclei and \arjlng amounts of otoptism 
Delicate reticular fibers seen among the tumor cells can be demonstrated to a belter ad\cintage 
with appropriate special stains (Hematoxylin and cosln X200 ) 
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June. 1V5V 

excision of the tumor completed in 10. In over onp InlF pP « 

Uon the neopl„a„.s were round fixed ,o the heads ol tte ^s, ZvtJE 
a o.a ol Ihc spnml coliinm, or in the region of the fust four ribs.' In one ease 




Fig. 3.—Cont’d. O, Gross specimen. 




V 


Fig 3—Cont'd D, Jllcroscopfc section of neuroflbromi Conipict bundles of spindle 
cells m palisade formation are seen C>stic degeneration and necrosis are absent. (Hema¬ 
toxylin and eosln XlOO ) 

E, Microscopic section of neuroblastoma. The tumor cells resemble mature Ijmpliocytea, 
are small, round, or slightly oval, and possess little or no discernible cytoplasm Septa of con¬ 
nective tissue make up the scanty stroma (Hematoxylin and eosin X200.) 
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Total Number oi‘ Casca 
Afjc 

S yeans to 58 years 
Averufje Ago 
35.1 
Sex 

(5 males—5 females 
K’aeo 

10 white—1 Nf'fjro 
Oiaj'nosis 


Beai^u ueurogoaic tumors !) 

^ralijjnaiit uouro>;eiiie tumors 2 

PatlioIo{,'ie Types of Tuitions 
Neurofibroma g 

Eibroneuroma ami neuroblastoma I 

Neiirolemmoiiia 1 

•Malifiiiaiit sympathicoblastoma 1 

Treatment 
Operative 

Thoracotomy ami excision 10 

Tlioraeotomy 1 


Profjn')sis ,—OT t!ie 10 patients siirvivin^r operation, S are living after 5 
years or more. The jtrognosi.s is good for neurofibroma or ganglioneuroma, 
if the tumor is eompletcly removed. 

TEIUTOIU TU.MOIt.S .\XD CYST.S 

Teratoid tumors and cysts may be cla.ssificd according to their origin 
from the re.spectivc germ layers, i.e., epidermoid (ectodermal ti.ssue), dermoid 
ey.sts (composition of eetodermal-me.sodermal tissue), and teratomas (com- 
po.sition of eetodcrmal-mesodermal-entodermal tissue). 

In .seven different series totaling 396“ cases,'"' 14.4 ])er cent were benign 
teratomas and ‘2.3 per cent were malignant. In the present report, this type 
of ti;mor ranked third, comprising 19.0 per cent of the total 42 cases reported 
(Table IV). The neoplasms wore most frecpiently detected incidentally on 
chest roentgenogram.s, Avhile others grew to .such proportions as to compfe.ss 
ad.jacent structures, producing chest jiain, dyspnea, hoarseness, weight loss, 
etc. 

An opacity in the anterior part of the superior or middle mediastinum 
that contains bone, hair, or teeth, as visualized on roentgenograms, establishes 
the diagnosis. These tumore are potentially dangerous; they may rapture 
into the pleura, pericardium, aorta, or vena cava, thereby producing medi- 
astinitis or infection; and some undergo malignant change and metastasize 
either by direct extension to adjacent structures, or distally by way of the 
lymphatics to the regional nodes or the liver. Therefore, when possible, com¬ 
plete excision is mandatory. 

Of the dermoid cysts, two benign and one malignant type wej-e operable 
and completely removed; one was diagnosed as malignant but was not oper¬ 
ated upon, but autopsy revealed it to be malignant teratoma. Of two ma¬ 
lignant teratomas, one was i-emoved, but the patient died of recurrent 
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TvBLE IV TFILVTOIUS V\D DeuMOID CYbTS 


Total Number of Cases 

Age 

8 


19 jears to 53 ycirs 

Aierago Age 



36 3 cars 
&0K 

0 females—2 in lies 

Pace 



6 white—1 Negio 

Diagnosis 



Teratomas 



Benign 


o 

ilalignant 

Dermatoid c\st 


o 

Benign 


2 

Malignant 


2 

Autopsy Diagnosis 



Nonoperatne malignant dormoid cyst 


1 

Nonopcrativo malignant tcratoiui 


1 

Opcritiio m ilignant teratoin i 

1 re itnient 


1 

I Operative 



Thoracotom) and excision 


5 

Thor icotomy and inoperable 


1 

2 Nouopcrativo 




malign.mt teiatoma with extensive metastasis to the left lung, peiicaicliuni, 
and diaiihiagm, the othci was inoptiable Both hcnigii teiatoinas weie com 
pletoly excised 


VirOUSTlMI DKOXCHOOFNIC CYSTS 

Cyits of the mediastinum aie classified as pencaidial, bionchogeme, 
thymic, and gsstioenteiie in oiigiii (Table V) 

Tabie V Incidental Tumors 


Total Number of Cases 5 

•Vge 

45 years to 57 \ears 
A\erage Age 
50 5 years 
Se\ 

3 females—2 malts 
Kace 
5 white 
Diagnosis 

Bronchial cjst 


Hamartoma 1 

Lipoma 1 

Pericardial cyst 1 

Treatment 

rhoracotomy and excision 4 

Thoracotomy and left upper lobectomy_^ 


Ringeitz and Lidholm,-* Blades,* and otlieis,* = found bioncliogenic cysts 
to be the second most common mediastinal tiimoi Tn KingeitE’s sciics of 157 
cases, bronchogenic cysts eompnsed 13 G pei cent of the total In this papci 
bionchogeme cysts acLounted foi 4 8 pei cent of the total of 42 piimaiy medi¬ 
astinal tumois The oiigin has been asuibed to a small dn ei ticulum adjacent 
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to the respiratory aulage in the i'oregiit. These may be located at any site 
in tlie mediastinum. ^laier'' cla.ssified bronchogenic cyst sites as paratracheal, 
caiinal, liilar and paraesophageal, depending upon their attachment to the 
ti’aclieobronchial .system and to the esophagus. Although usually asympto¬ 
matic, they may produce signs and .symptoms of tracheobronchial obstruction. 

Diagnosis may be established by x-ray studies. Cysts are smooth and 
contain no calcium, o.sseou.s, or cartilaginous elements. They are located 
adjacent to the mediastinum and, at fluoroscopy, they may move on swallow¬ 
ing. In one patient with d 3 ’spnea and cough, an angiocardiogram was helpful 
and revealed a right superior mediastinal mass partially obstructing the 
superior vena cava. The cyst was completelc' exci.sed and prognosis was 
excellent (Fig. 4). 



I.—Bronchial cyfat. Clross bpeennun. 


PEKICAKDIAL. CYST 

Pericardial coclomie cysts arise as a result of failure of 
pericardial lacunae and are thin walled, lined by a layer of ^^‘^^^thchal col s 
Lous tissue and contain clear fluid. They are more —^^e ^ f. 
in the anterior or middle mediastinum adjacent or adherent to the p 
cardium, pleura or diaphragm. The diagnosis may be 
presence of a round opaque shadow in the cardiophremc ang:le A diffemit 
diagnosis between hernia of the foramen of Morgagni and lipoma must 

considered. 
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Angiocardiogram was of aid in outlining a large pericardial cystic mass 
in a patient who was asymptomatic hut whose chest I'oentgenograin demon¬ 
strated a mediastinal mass (Table Y). 

HA3IART01IA 

Hamartoma is a rare benign tumor, composed of abnormally arranged 
tissue tliat may contain mesodcimal and cpitlielial elements. The tumor is 
an incidental finding in asymptomatic patients usually in the si.xth decade, 
undergoing x-ray studies. However, exertional dyspnea, substei-nal discom¬ 
fort, or cough may exist. Diagnosis may be suspected if roentgenograms 
demonstrate a dense mass surrounded b.v normal pulmonary tissue and exhibit¬ 
ing sharp lobulated bordoi's with areas of calcification. 

Treatment is excision of the ma.ss or a more radical operation such as 
lobectomy or pneumonectomy, depending upon the size of the tumor. The 
prognosis is generally excellent, but malignant transformation into an osteo¬ 
chondrosarcoma has been repoi'ted. 

In the asymptomatic patient reported, a left upper lobectomy was per¬ 
formed for a round, well-delineated extradensity in the left upper lobe of the 
lung. Four years later, he was found in excellent health. 

LIPOMA 

Intrathoracie lipomas are rare tumors arising from connective tissue con¬ 
taining fat or fetal cells and are well cncap.sulated. As a rule they are con¬ 
fined to the thoracic cavity but may extend su])eriorly into the neck, inferiorly 
through the diaphragm, or anteriorly through the chest wall. The incidence 
of lipoma was found to bo 2.3 per cent in a total of 396 cases representing the 
experience of seven groups*"’ reporting mediastinal tumors. In our study, 
lipoma constituted 2.4 per cent of the total cases. ICeely and Yana,*” in a 
collective review of media.stinal liponms, suggested the anatomic classification 
of intrathoracie and extrathoracic lipoma.s. The majority of mediastinal 
lipomas are pnmarily intrathoracie, usually asymptomatic, and may take on 
an hourglass appearance or attain such proportions as to induce mechanical 
pressure upon vital structures thus causing dyspnea, subslernal oppression, 
cough, dysphagia, weakness, and other symptoms. An hourglass lipoma should 
be considered when a tumor in the neck or chest wall is continuous with the 
intrathoracie mass. 

Treatment is surgical excision and this was done in the case reported. 
Follow-up 9 years after operation found this patient to be in excellent health. 

SUMJIAEY 

1. Seventy-four unseiccted mediastinal tumors were collected from tlic 
records, 1942-1956, of the Departments of Surgery and Oncology of the Jeffer¬ 
son Medical College and Hospital and 42 of these tumors were primary. 
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_ 2. llio charaeloristie clinical, pathologic, and roentgenologic features of the 
lesions aro described. The variety of malignant thymomas and the association 
of myasthenia gravis with benign thymomas are emphasized. 

3. Hoentgenographie findings of a posterior mediastinal tumor is suggestive 
of a neurogenic neoplasm; the pre.sence of cartilage, bone, teeth, etc., in a su- 
jierior or middle mediastinal nnuss is compatible with a diagnosis of teratoid 
tumor. Lipoma .should be considered when aJi hourgla.ss type of opacity in the 
neck or chest wall is cojitinuous with an intrathoracic mass. Eoentgenograms 
demonstrating a dense mediastinal ma.ss surrounded by normal pulmonary tissue 
and e.xhibiting a sharj) lobulatcd and inner border of calcification is indicative 
of hamartoma, 

4. Thoracotomy and e.xcision of the mediastinal tumors were sueces-sfully 
()erft>rmed in 36 of the cases. There was one supj-aclavicular node biopsy and 
5 nonoperative cases. 


TIio uiitliors wi.sli to o.Kprc.-'.s their uiipreciation uml tliiinks to Dr. John II. Gibbon, 
Jr., amt Iii.s iis.-iociate.s Tor tiie use of tlieir per.'-oiial eases in tliis scries. 
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MYXOMA OF THE LUNG 

James B Littlefield, MD and E Cato Dias/j Al D, Chadottesville, Va 

T hf mvxonid is a tumoi whose histologic stiiictiue lesembles piiniitive meseii 
ch 3 mc and contains a niiKinous gioiind substance Piimai^ nij^\oma ot the 
lung is laie and the icscetion of a solltal^ pulmonai 3 mass diagnosed histo 
logically as a mvxoina pioniptcd the iomcw of this subject Appaienth the only 
othei pulmonaiy neoplasm ot this t\pe picMousl-v icpoited was a “fibio 
mjxoma” leiiioved troni the lung ot an 8 \eai old bo 3 ^ 

CV&I- UEI'ORT 

A 54 jear oU liou««c\Mf< was ndmitted to the flioracic Suigical Service of the University 
of Virguni HospU il on Feb 13, 195o She tempiuned of “a ma»s lu my right lung^’ which 
was discovered on i routine 70 inm roentgen film of the cliest m November, 1954 \ sub&e 

quent lull sized rueiitgenogiani of the thor ix taken in January, 1955, confirmed the prebonce 
of this lesion It was not known how long tlie mass had been present Tlio patient had been 
111 good health except for chronic “aithntis’* of the luiubir and cervical spino and reeurront 
episodes of '^sinusitis ” 

Physical examination revealed a well nouiished patient with moderate limitation of 
motion of the cervical spine and a quiescent, chronic, riglit, maxillary sinusitis Boentgeno 
grams and fluoroscopy of the chest showed x round, smooth, indeterminate mass, 2 5 cm m 
diameter, without evidence of calcium at the level of the right third intercostal space (Fig 1) 
On Feb 15, 1955, exploration of the riglit Iieunthorax revealed a 2 cm globular, firm, 
well circumscribed mass in the periphery of the posterior segment ot the right upper lobe 
A wedge resection of this lesion was performed, removing a lilieral margin of normal pul 
moiiary tissue On section, tlie specimen was yellow gray in color ind frozen tissue c\ vmina 
tion demonstrated a benign neoplasm, the final pathologic diagnosis was a in}\oina (Fig 2) 
The patient’s postoperative course was uncomplicated and she his been entirely fue 
of subjective symptoms related to her chest Roentgenogr ims of the thorax 28 montlis liter 
op(ration showed no evidence of tumor recurrence The clironic “artlintie ’ symptoms Iiave 
persisted 

Fatholoyic Description of the Tumor —The tumor was a smooth, slightly lobulated mass 
buried in normal pulmonary tissue and measured 2 5 cm by 1 5 cm A thm capsule enclosed 
the lesion and there were no apparent pleural or bronchial communications Tlie cut surf ice 
was jellow tan, lirm and glistening, with softening in tlie central portion 

Microseopie sections showed the lesion to be sharplj delineated from the surrounding 
compressed pulmonaiy tissue which formed a thin pseudo apsule Ihe tumor w is (omposecl 
of separate stellate cells with dense cj topi ism and coarse processes The nuclei wire ovoul 

From the Division of Thoracic Surgery Dciiartnicnt of Suigtij Unlvirsitj of \ irjslnia 
Sciiool of Medicine Charlottesville Va 
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(10 to 30 microns in longest diameter) with fine regular chromatin and nucleoli that were 
iiidistiiiet even in the large cells, lletween the cells and their processes were abundant 
amounts of a stringy, finely particulate, basophilic subbtance resciubliug mucin that stained 
positively with aleian blue and weakly with periodic acid-yehiir. No mitotic figures were 
apparent. A moderate number of thin-walled blood ve.-sels were present and their walls were 
intimately bouud with the tumor tisbue. A light infiltration of lymphocytes, plasma colls, 
and polymorphonuclear leukocytes (eosinophilic and neuirophilie) were present throughout 
the tumor. These cells were concentrated about the larger blood vessels. 

'I’here was no evidence of va.'cular inviu-ion by the tumor and no dift'erentiated tissue 
elements such as cartilage, bone, fat or fibrous connective tissue were present. 



DISCUSSION 


A great deal need.s to be clarified about this group of tumors termec in.i-v 
oma.s and accurate iuformatioii is not easily obtained irom the literatuiu ton 
in his classical paper has cuunieratcd .several reasons for this iuaccuiucj 


classification. , , 

1. Myxoid areas are sometimes present in a tumor composed prec onmian y 
of other tissue, such as the liposareoma and rhabdomyosarcoma. Stout consit eis 
these tumors with “myxo” incorporated in their uoiueiiclature (i.e., mjxo po 
sarcoma) to have been erroneousl.v cla.ssificd as a variant of the tiue myxoma. 

2. IMyxosarcomas are classified in certain instances as belonging to m 
myxoma group; however, this seems inaccurate because my.xosarcomas metas¬ 
tasize while myxomas, as defined by Stout,- do not metastasize. 

3. The tendon sheath ganglions and skin lesions wbieh resemble myxomas 
have sometimes also been included with the myxoma group. 
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4. There is considerable controversy regarding myxoid tumor's of the heart. 
Tiicse are tlio only neoplasms termed mr .vomas from which metastases have been 
reported.-’ ^ This exception suggests that the metastatic tumors are probably 
sarcomas which appear as myxomas, or the apparent metastases might have 
been emboli and not true trnnor dissemiu.ition. 

These varied opinions make it difficult to classify and evaluate the behavior 
o£ the true myxoma. 



Fig 2 —Photomicrograph of the myxoma demonstrating tlie predominance of Intercellular 
mucin and characteristic stellate cells (X~aO). 


Incidence. —Stout,^ in 1948, reviewed 143 myxomas exclusive of those of 
the heart. Seventy-two per cent of these lesions were either in the subcutaneous 
and aponeurotic tissue, bone, skin, or genitourinary tract—the incidence was 
approximately equal in the four sites. Eighteen per cent arose from tlie intes¬ 
tine, retroperitoneal tissue, sinuses, nares, joints, orbit, eyelids and muscle; 2 
to 3 per cent were present in each location. Pour per cent were from the 
pharynx and tonsil. The remaining 6 per cent arose from the spleen, appendix, 
liver, ear, parotid gland, or intracranial sites. 

There were no pulmonary lesions in this series. Only one true myxoma has 
been previously reported from the lower respiratory tract. This lesion, removed 
from the Imig of an S-year-old boy, was described by Placitelli (1953) in the 
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Itciliuu literatuve/ The tumor was the “size of a small egg” located in the 
upical-posteiuor segment of the left upper lobe. A wedge resection of the lesion 
was performed and 18 month.s after operation the x)aticnt was well without evi¬ 
dence of recurrence. 

Clinical Churacteri.'itia ;.—The cz’ileria for recognition of these tumoi’s and 
their clinical and biologic behavior have been claritied by Stout.- No age or sex 
predominance is associated with the iuyxomas. The tumors grow slowly with 
intermittent periods of rapitl enlargement and patients who were s 3 nnptomatic 
with this lesion often waited as long as 4 jmars or more before seeking surgical 
treatment. There do not seem to be an.v outstanding clinical eharaetei’isties be¬ 
cause many of the lesions are buried in bone or other deep structures. Perliaps 
the znost consistent clinical characteristic of these tumors is their tendenc}’’ to 
recur locuUy after inadciiuate excision. 


Puthuloyy .—The gross pathologic anatomy of mj'xomas is veiy similar to 
that of their fibi’oplastic counterparts except that the homogenous pale cut 
surface has a geiatinoius, glistening appearance. iMicroscopicall}’’ the basic cells 
are loosely arranged in a mucoid stroma or ground substance. This ground 
substance stains positively for mucoprotcin or '‘mesenchymal mucus” and is 
probably largely hyaluronic acid. Fine rcticulin fibers course through this 
strojna and between the cells. There may be moderate variations in the cell 
size and shape, anaplasiti is slight and mitotic activit.v obscure. The cells maj’’ 
a.ssume a fibroblastic appearance in the more dense areas. This appearance 
(fibroblastic) is the only degree of metaplasia that should be allowed in defining 
these tumors as true myxomas (Stout). 

Many neoplasms composed inimarily of cartilage, fat, fibrous or other tis¬ 
sue exhibit edematous areas which may or ma}' not contain sufficient ground 
substance (mucoid stroma) to stain with mucin stains. The use of the prefix 
“myxo” in such instances (i.c., mj^xoliposarcoma) is confusing, because the 
behavior of these tumors is in accord with their dominant tissue and is not 
known to be modified by the presence of their ‘'myxomatous” features. Such 
tumors do not meet the requirements of true m 3 ^xomas. 

The true myxoma then is a uniccntric tumor which grows b}'^ infiltration 
and expansion of the initial lesion and histologically exhibits characteristic 
stellate cells with a predominance of intercellular mucin. Apparently it does 
not metastasize but threatens vital structures by its progressive growth.* Ihe 
largest single group of tumors or tumoi'-like znasscs reported as myxomas have 
been found in the heart and it is questionable whether all of these tumors are 
true myxomas. Such tumors probablj’' represent undifferentiated mesenchymal 
proliferation which may be either neoplastic, granulomatous, or thrombotic. 

The use of the term “malignant myxoma” has been questioned. The only 
recorded instance of myxoma metastasis has been from a primary cardiac le¬ 
sion.** Stout considers the myxoma malignant only because it often presents 
as an infiltrating growth which persistently recurs locally when not adequate y 
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excised and maj eveutuallv lesult in tlu patient’s death This behavioi difiEeis 
from the usual benign tumor and seems to justitj the use of the tenn iiidlignant 
even though metastasis dots not occui 

Tieatment —A biopsy of aiij suspptttd mcsenchjmal lesion should be per 
foimed whenovei possible to establish tin diagnosis so that a wide, pi unary 
excision may be planned and executed IiiideQinte initial opciatire removal 
results 111 roeiiiience oi the tunioi which is not nsuall) fatal unless vital areas 
arc invaded A patient, 65 years of age lias been reported who had eight 
opeiations for a myxoma ot the eeixical iigion which repeatedly reclined over 
a 36 year period 

The exact extent ot the iiililtiatioii tint aecoiiipniies this tumor is often 
difficult to roeognizo grossly therefore, a wide initial excision of the lesion 
IS the tieatment of choice, except m bone wheit simple curettage has proved 
to be an effeetno procedure in sevcial instances Eadiation theiapy has a 
limited usefulness in the treatment of myxomas 

SUVniARX VND CONCLUSIOXS 

A primaiy invxoma of the lung has been reported wliieh was successtully 
treated by resoetion witiiout evidence of leciurciiec aiter 28 iiionths One other 
similar lesion has been iiicvioush reported in the litoiatiire The pulmonary 
iiiyxoma apparently exhibits the s,ime histologic appearance and biologic be 
havior as myxomas which oiiginate clsewheic in the bodv 

Jlyxomas should be defined by strict histologic ciiteiia inclirdiiig then char 
acteiistic stellate colls and piomnient intercellular mucinous stroma Accepting 
these eriteiia, tumors composed piimaiilj' of othei tissue elements me excluded 
The injxonia is basically a benign tumor with a tendency to repeated local re 
curience 

The biopsy' of a suspected mesenchymal tuiiioi should be peifoimed when 
ever possible before tieatment is begiui Experience with extiapnlmonaiy 
myxomas demonstrates that suecesstnl tieatment depends upon a wide, initial 
surgical excision Radiation therapy is of limited usefulness 

We uish to CNpress our 'vpprcciation to Dr Divid E Simtli, Clmrm iii, Dtp irtuitiit of 
Pathology, for his issistancc lu the prcpiratiou of this nnnuiscnpt 
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BRONCHIOLAR (PERIPHERAL LUNG) NEOPLASMS AND 
PREVIOUSLY UNDESCRIBED OBSERVATIONS ON TEIE 
ORIGIN OF BRONCHIOLAR CARCINOMA 

Stanton L. Eperso/e, Jr., M.D., and Will'iant F. Rienbojf 111, AID., 
Baltimore, Aid. 


INTUODUCTIO.V 

I X KOUTiXE autopsy material, one very occasionally finds a siibpleural nodule 
which on histologic exaininatiou is found to be a small bronchiolar ade¬ 
nomatous tumor or malformation (see Pigs. 1, 2. 3, and 4), These lesions 
usually are onlj' a few millimeters in diameter, but may be larger. Their 
subpleural location and, in tlie veiy small ones, their obvious relationship to 
bronchioles is very charaetoristic. While these little tumors are not common 
they certainly are not rare. In our material no e.xamples of multiple tumors 
were found, although no .special search for them was made and, becau-sc of 
their size, they could easily have been overlooked. We have regarded these 
le.sions as inconsequential hicidental findings until recent years when, in the 
surgical pathology laboratory, two .similar loealizotl tumors. b\it much larger 
and showing some histologic evidence of malignancy, have been encountered. 
Both of these lesions were asym])lomatic, having been detected as incidental 
findings in routine chest x-ray studies. These clinically evident cases 
prompted us to peruse the literature and to our astonislunent no references 
to benign tumors of this type were readilj'’ found. In the numerous reports 
on bronchiolar carcinoma and pulmonary adenomatosis only one mention of 
such a localized and innocuous lesion (as is depicted in Figs. 1 and 2) is 
described. Laipply, ►Sherrick, and Capc,‘ in presenting cases of bronchiolar 
tumors (by which term they mean bronchiolar carcinoma, pulmonary ade¬ 
nomatosis, etc.) pictured one small tumor and characterized it as the “smallest 
bronchiolar adenoma yet described.” We were also surprised that these lit¬ 
tle tunioi-s have not been given attention as possible foci of origin for bron¬ 
chiolar carcinoma because certainly, in the larger lesions, there are many 
histologic features common to both. 

Cases 1, 2, 3, and 4 are presented as definitely benign adenomatous mal¬ 
formations of the bronchioles. Cases 6 and 7 are examples of bronchiolar 

From the Departments of Pathology and Surgery, the Jolins HopUins University School 
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caicinoma wlucli beai <i stuking rcspiublanee to the benign adenomatous 
iiialfoimations and we piopose that the tumois aiose fiom siniilai malfoima 
tions Case 5, an evainple of localized puhnonaiy adenomatosis is piesented 
only to eontiast the histology of this disease nith that of bioiiehiolai cai 
ciiioma 

C VSE KEPORTS 

Case 1—(A N 20637) This SSvMroll Negri woman died of carcinoma of the 
pancreas which invohed the ampulla of \ator iro luring obstructive jaundice In addi 
tion to the pnniar} pancreatic carcinoma theic wcie me-«entenc l}mph node metastase'i, 
acute cholangitis, and Incr ab<;ce‘?ses 



I if? 3—Case 1 The smaJJ tumor is slioun in its entirety The arrow points to a 
broncliiole associated with the tumor nodule This little tumor is clrcumsci ibed but not 
encapsulate 1 The thick flbious septa are continuous with the aUcolar septa One portion of 
the tumot is composed of soHl masses of )i>aline The cplthchuni forms a sint.ie 1 lyet of colls 
on tlie thick fibrous septa Iso mucus is foinied by the'^e cells ( Vutopsy No SOBS'”) 


In thu left lung (lobe not statel) nas i 3 mm well circumscribed but not ciicup 
sulated subpleural nodule (lig 1) nhich extended out of i liioiichiolc IJic tuinoi was 
composed of thick fibrous «5cpt i with columnar, nunuliitcd, and nonmucus forming cpi 
theluim Iho libious scpti blended in with tho aUtoUr "tpt i it the ni irgins ot the tumor 
Ihe epithelial cells, had intj cjtoplaMii Ihc center ol the tumor w is 1 in ilini/cd Hit 
other sections of the lung were normal This little tumor is obvioush a benign mlenoma 

C\SE J—(A N 2528^1) 1 his 64 i ear old Negro man died of m issi\e intestinal hemor 
rhigo Emergency laparotomy repealed numerous colonic adenomatous polyjis ind, Insto 
logically, one of these showed extensive fresh hemorrhage Postopenitn cJ\, the p ilient 
remained in shock and died Other than extensive artcnoNclerosis and livpertropli> of tlie 
left ventricle, the lutopsj leiealed oiilj a number of benign adenom itous pol>p<5 in the 
transverse colon 

Microscopically, one section of lung showed an irrtgul ir but circumscribed nodule 
separated from tho pleura hj a ver> narrow nm of lung pirenchjma (I ig 2) Tho lobe 
from which thi'3 came was not known ibc nodule was composed of thick Jibrous septa 
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wlucli were lined l.y cuboidiil and columnar nonciliatud and nonmiicns-fonning eidtheliuin. 
At one margin, the little tumor was continuous with a bronchiole; otherwise, the lung was 
normal. This tiny nodulo is obviously an adenoinatous niall'ormation. 

Cask 3.—(A. X. 120<1) This patient Wiis a 70-year-old white man who died of 
lymphosarcoma. The autopsy showed huge masses of rotroperitoneal lymph nodes, and 
tumor replacing the left adrenal, inliltrating the diaphragm and tail of the pancreas. 
Histologically, the tumor was composed of small lymphocytes. 

The pulmonary lesion was a l.o cm. nodule in the left upper lobe beneath the pleura 
which was umbilicated by the underlying tumor (Rig. 3). Histologically, this showed 
thick librous trabeculae which arbori/.ed and fused in a complicated manner. Lining the 
trabeculae was a single layer of epithelium which in places was thrown up into papil¬ 
lomatous fold.s. However, the epithelium was not overabundant and the rounded epithelial 



Pit?. 2.— Case 2. Thl.s minute .subpleur.il of'cXIdal’^epUheVmim '"’t 

capsule. The thick hyaline .septa are covered by ‘*5‘^89). 

arrow points to a bronchiole associateil witli the tuinoi (Autopsy 

cells were not packed closely together, producing a oobblestone-like surface 

Tho epithelial cells had scanty cytoplasm and largo nuclei. No cdia and no i 

seen. Tho thick fibrous trabeculae, in appropriate stains, showed masses o ^ .s 

Tho base of tho tumor at tho pleura was composed of hyaline 

numerous largo blood vessels, but only occasional remnants o epi le ii '' 

was circumscribed but not encapsulated. Tho librous trabeculao ^ benign 

tho alveolar septa and tho clefts merged with tho alveoli, ihis sma 

adenomatous tumor or malformation. 

Case 4.-(A. X. 1(30-18) This 70-year-old white 
peritonitis following resection of an adenocaremonia of the tra s 

leakage at the suture line. No metastascs were found. sharply outlined 

In tho right upper lobo was a 1 cm. subpleural ^ were 

(Fig. 4). Microscopically, tho nodulo was composed of ^luck fb ^^^^1 

lined by nonciliated cuboidal epithelium which "^^^mitoses Adjacent to the 

no mucus, were not ciliated, and their largo nuclei .showed ''O ^ ^ this 

pleura, tho tumor was hyalinized and several rather large for study. Histo- 

Lea. No relationship to a bronchiole was seen in the f oTt^ior^ 

logically, this nodulo is obviously a benign adenomatous malformatio 
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Fiif 3—Case J The tlnck fibrous septa are coveted b> a single laser of cuboidal non- 
nmcuS'fortntng epltlieliuni The nuclei fill most of the rather shrunken epithelial celts These 
cells are not closely packed together producing an irregular surface to tJie clefts (Autopsy 
No 12071) 



Fijr- 4 _Case -1 Tlie thick fibrous septa are covered by cuboidal nonmucus-forniing tpl* 

thelluni The epithelial cells vary in height giving un inegular appearance to the clefts 
(Autopsy No. 16C48). 
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Tho autopsy "’oniau died of congestive Jieurt failure. 

=“b;, £=-- - 

3, ■i“ir.Xe:,::-‘:x u:t:= <s 

:::: ::r:i ri 

1 eura uas nup.nged upon, but not invaded and tl.e lesion uas sharply circumscribed. There 
uero several bronchioles incorporated into tl.e tumor, but tlie.se were intact. This is an e.x- 
ainplo ol a .single Miinll nodule of ])ulinonary adenomatosis. 



t" iir. 0 .—Ca.se 5. Tlie tall columnar niucus-proUuoinfr eplthollum forms a one cell layer 
menibrane lininir of alveolar septa. The nuclei lie at the base of the cells. The alveolar 
septa are not thlckeneil or appreciably scarred (Autojisy No. loG12). 

Case 6 . —(H. X. 7!)j.o7o) This G9-year-old white man was admitted to the Johns Hop¬ 
kins Hospital for evaluation of a shadow, demonstrated by x-ray, in the upper portion of 
tho right lung. His family and past history were not iiertinent. Except for tho year prior 
to this liospitnlizatioii, tho pntieiit had had x-ray studies of tlie chest annually for 12 years 
as part of routine physical exaiiiiiiatioiis. The roentgenogram taken a few’ weeks prior to 
this hospitalization revealed a density in the right upper lobe (Eig. 6)- He was entirely 
free of respiratory symptoms and ids general health was excellent. The physical examination 
and laboratory studies revealed no abnormalities. Tho old roentgenograms were obtained 
for review and they were all normal except for tho last one, taken 2 years previously. In 
retrospect, this showed a probable small density appearing in tlic right first interspace an¬ 
teriorly. Tomograms were made and tlieso revealed no calcification in the lesion. Other 
x-ray studies to rule out a possible primary tumor elsewhere were negative. The old tubercu¬ 
lin skin test was jiositive (1:1000). A right scalene lymph node biopsy showed no abnor¬ 
malities. Through a right anterolateral incision, a thoracic exploration was performed. Be¬ 
neath a puckering of tho jileura, a small mass was noted near the apex of the right upper 
lobe. This was biopsied and a frozen section revealed it to be a tumor, thought to be 
primary in the lung. Tho right middle lobe was partially atelectatic and near its hilum a 
firm rounded calcified mass was seen. The low'er lobe and the mediastinum seemed normal. 
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Jij;, C —Case 6 Laininogj ini of chest showing illtlefintJ i3en«ity in right uppei lung area 
(upijcr portion of density niaiktd by arrow) 








Fig 7—Case G TJie hjaline core of the tumor is almost de\oIJ of epltlielium Numerous 
endotlielial lined channels die seen In suclt areas there arc dense masses of elastic flbers 
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Right upiior ami mkWle loboclomioH wore performed. The patient withstood tlie oper- 
a ivo proeoduro well, tho postoperative course was uiieveutful, and he was discharged^on 
the hiteeath postoperative day. Tea mouths later hi.s local phy.siciaa reported him to he 
well, but no further x-ray studies had been niufle. 

'riie gross spe.-ia.ea (S. J«. No. oS-bM-l) of the lung (right upper and middle lobe) 
showed two lesions; one beneath a dimpling of (ho pleura in the apical segment of the upper 
obe and tho other a tiria 2 cm. nodule oa tho medial and inferior .surface of the middle 
oho near tho right middle lobe bronchu.s. On euttiiig the apical lesion, tlioro was an ill- 
detined d cm. nodule in the lung parenchyma with its base abutting on the pleura. This 
base of the tumor was eheesy in consistency and white. The borders of the tumor were ill 
defined. No bronchial comniuiiieation was found. Thu middle lobe lesion was well circuni- 
.M-ribed and did not connect with tlie middle lobe bronchus. Oil section, it was yellow with 
tiecks of black aiithracotie pigini-nt in it. Careful opening of the major bronchi revealed 
no lesions. 


Tile histologic s.-ctions of the tumor nodule from the apical segment of the upper lohe 
showe.I extensive hynlinizatiou in tlie luise of tho tumor almtling onto the pleura (Fig. 7). 
la tills liyalinu area, there were some epitli.-lial cells forming acini or cysts witli papillary 
projt-etions. Elsewhere tliere were thick fibrous trabeculae wliicli at tlie junction with the 
normal lung were seen to be continuous with the alveolar septa. Tlie.se thick trabeculae 
Were lined by ctiboidal epitlielinl cells. Their free mnrgins wore roiindod and as tho cells 
did not lie very elo.se together on the sciita they' produced an irregular cobblestone eft'ect 
(Fig.s. S and !)). In places, tho epitlieliuiii formed delicate papillary projections into the 
cystie spaces. Nowhere was mucus produced by' tlie cells, but uniiiy epithelinl cells lay free 
in tho cystie. spaces. Tlie tumor cells had rather large iiueloi -and little cytoplasm. No 

mitoses were .seen. In the hyalinized core were residual nests of tumor cells wliicli in pJace.s 

formed cy.stic -space.s, but in places tlie cells were more compact and Iniil nn epidermoid ap¬ 
pearance (Fig. 10). The epitiieliiiiii in the hyalinized areas grew in a more irregular 

iiiaiiner than olsowliere. iseveral large cystic bronciiioles were jire-soiit in the liyuliiiized 
areas and they iuul ciliated coluiuiiar epitUelium. 

Ill appropriate .stains, tho thickened trabeculae sliowcd inucli more elastic tissue than 
wns present in tho noriniil nlveolnr septa (Fig. Jl). In the hyalinized portions, there was 
also a great amount of elastic ti.ssue, Imt there tlie possibility of collapse and concentra¬ 
tion of the elastica could not be ruled out. However, the elii.stic tissue in the thickened 
alveolar septa wivs continuous witli tlie normal elastica in tlie alveolar .septa. 

Tlic nodulo from tho liilum of tUo middle lobe showed typical lipoid pneumonia 
(Fig, 12). Numerous giant cells, contniiiing single large lipoid vacuoles as large as 
alveoli, wore present and interstitial deposition of lipoid wns seen. Extensive hyaline 
scar and chronic inflammation were present. Several small bronchi wcie iniolved in the 
lipoid pneumonia and, in one such bronchus, there wns a microscopic tiimor-like nodiiie 
growing down into tlie adjacent tissue (Fig. 13). The bronchial epithelium was ulcerated 
at this site. The cells of this siimll tumor grew in solid sheets and were entirely di fer- 
ent from those of the apical lesion. This lesion probably is similar to tlie solid epU le la 
growths which are seen in cases of congenital cystic liings.» In our opinion, this esion 
was not related in any way to tho apical tumor. The peribronchial lynipli noi es weie 
free of tumor as was the rest of the lung. 

The upper lobo lesion was diagnosed as a low-grade bronehiolar carcinoma. Ihe 
middle lobo lesion was diagnosed us focal lipoid pneumonia with a focus of pecu lar epi 
thelial proliferation and downgrowth from a small bronchus. 

Case 7.—(H. N. 70S531) This patient was a 53-year-old male chemist who was ad¬ 
mitted for evaluation of a pulmonary density noted on a routine chest roentgenogram. 
The family and past history were negative. TJio imtient had undergone annua piysica 
examinations including x-ray studies of the chest for the previous 15 years. Five years 
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FiffS. 8 and 9.—Case G. Tlie thick fibrous septa are covered by rounded cuboldal cells 
which secrete no mucus. The epithelial cells are not closely packe<l toccthcr on the sepUi 
and this produces the irre^lar surface of the clefts. (Surg. Path. 58-241.) 
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Right upper and imddle lobeetomie.s were performed. Tlie patient witlistood the oper- 
atno pioceduro well, the postoperative course was uneventful, and he was discharged on 
tho fitteeath postoperative day. Ton months later his local pl.ysician reported him to ho 
well, but no lurther x-ray studie.s had been made. 

The gross specimen («. 1>. No. oS-2U) of the lung (right upper and middle lobe) 
slioued two le.sions; one beneath a dimpling of the pleura in the apical segment of the upper 
lobe and tlie otlier a firm 2 cm. nodule on the medial and inferior .surface of the middle 
lobe near tlie right mbldle lobe bronchu.s. On cutting the apical lesion, there was an ill- 
defined^ cm. nodule in the lung parenchyma with its base alnitting on the pleura. This 
iia-se of the tumor was cliee.sy in consistency and wliite. The borders of the tumor were ill 
defined. No bronchial communication was found. The middle lobe lesion was well circum¬ 
scribed and did not connect with the middle lobe bronchus. Oji section, it was yellow with 
Hecks of black anthraeotic. pigment in it. Careful opening of the major bronchi revealed 
no le.sions. 


Till! Iiistologic sections of the tumor nodule from the apical segment of the upper lol)e 
showed extensive hyalini/.ation in tho base of the tnmor abutting onto the pleur.'i (i'ig. 7). 
In tills hyaline area, there were some epithelial cells forming acini or cysts with papillary 
projections. Elsewhere there were thick fibrous trabeculae which at the junction with the 
normal lung were seen to be continuous with the alveolar septa. The.se thick trabeculae 
were lined by cuboidal epithelial cells. Their free margins were rounded and as the cells 
(lid not lie very close together on the sejit.'i tliey produced an irregular cobblestone effect 
(Figs. 8 and 11). In places, tiie epithelium formed delicate papillary projections into tiie 
cystic spaces. Nowhere was mucus produced by the cells, but many epithelial cells lay free 
in tho cystic spaces. The tumor cells had rather largo nuclei and little cytoplasm. No 

mitoses were seen. In the hyalinized core were residual nests of tumor cells which in places 

formed cystic spaces, but in places the cells were more compact and had an epidermoid ap- 

pearanco (Fig- 10). The epithelium in the hyalinized areas grew in a more irregular 

majiner than elsewhere. .Several large cystic bronchioles were present in the hyalinized 
areas and they had ciliated columnar epithelium. 

In appropriate stains, the thickened trabeculae showed mucii more elastic tissue than 
was present in the normal alveolar septa (Fig, 11). In the hyalinized portions, tiiere was 
also a great amount of elastic ti.ssue, but there the possibility of collapse and concentra¬ 
tion of tho elastica could not bo ruled out. However, the elastic tissue in the thickened 
alveolar septa was continuous with the normal elastica in tho alveolar septa. 


Tho nodulo from tho hilum of tho middle lobo showed typical lipoid pneumonia 
(Fig. 12). Numerous giant cells, containing single large lipoid vacuoles as large as 
alveoli, were i)resent and interstitial deposition of lix)oid wms seen. E.xtensive h^wdiae 
sear and chronic iutlaiumation were present, yeveral small bronelii were involved in the 
lipoid jmeumonia and, in one such bronchus, there was a microscopic tumor-like nodule 
growing down into the adjacent tissue (Fig. Id). Tho bronchial epithelium vvas ulceiate 
at this site. The cells of this small tumor grew in solid sheets and were entirely difter- 
ent from those of the apical lesion. This lesion probably is similar to the solid epithelial 
growths which aro seen in cases of congenitul cystic lungs.'J In our opinion, this lesion 
was not related in any way to tho apical tumor. The perLbroiicIiial ljuipli no es were 
free of tumor as was the rest of the lung. 

The upper lobo lesion was diagno.sed as a low-grade broiichiolar carcinoma. The 
middle lobo lesion was diagnosed as focal lipoid pneumonia witli a focus of pecu lar ep 
thelial proliferation and downgrowtii from a small bronchus. 


Cask 7.—(H. N. 708531) This patient was a 53-year-old male chemist who was ad¬ 
mitted for evaluation of a pulmonary density noted on a routine chest roentgenogram. 
The family and past history were negative. TJio patient had undergone annua p lysica 
examinations including x-ray studies of the chest for tiie previous 15 years. Five years 
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whtri,^51 8 and 9—Case S The th|cic ^fous septa aro covered b> rounlcd cuboid il cctlq 
mucus The epithelial ^lls aie^not closely packe 1 tocether on the septa 
and this produces the irregular surface of the clefts (Surg Path 58 214 ) 
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Fig 10—Case G. In the liyaline coie aie foci of largo iriegular epithelial cells Such 
aieas are thought to leprestnt sonic degiee of malignancy 

Fig 11. —Case G. A gieat deal of elastic tissue is present in the flhious sep a ine 

epithelial cells stain faintly in this section (Verhoelf-van Gieson s stain). In the hya 
areas are den&e masses of elastic flbeis. 
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tiff 12—Cx«:e fi The nodules fioni tht hilar region of tin ritht inlddlt, lobe show 
typical lipoid pneumonia. The rouniletl clear spaces are \acuoles xvhich coni lined hpojd The 
vacuoles aie in niacropliages giant celts and free In the alveolai septa >«unieious lympho 
cytes are present 

Fig 11—Case 6 In tlie nodule of lipoid pneunioni v a small bronchus (top of figure) 
shows an ulceration with underl>ing scarring Beneath this is a solid mass of abnormal 
epithelium This epithelial proliferation is entircl> different from the upper lobe lesion 
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Fig'. 10.—Case 6. In the liyaiine core are foci of largo irregular epithelial cells. Such 
areas are thought to represent some degree of maiignancy. 

Fig. 11.—Case 6. A great deal of ela.stic tissue is present in the 
epithelial cells stain faintly in this section (Verhoeff-van Gioson’s stain). In the hyaiini e 
areas are dense masses of elastic fibers. 
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proviously, a Muiill wiib noted in the right upper lobe area. lu the ensuing years 

the lesion was noted to iiierea-e in .si/o somewhat, paiticularly in the IS months prior to 
thm admission. ][e luul no symptoms of any sort. The mimismon physical e.xamination 
and laboratory studies were within normal limits. The ohl tuberculin skin test was posi¬ 
tive m the 1^0,0(10 dilution. The roentgenogram reveale.l a small lesion in the right upper 
lobe area (J'ig. It). Tomograms revealed two ealcilie densities associated with, but not 
actually in, the lesion. Cultures for acid-fast bacilli were negative. E.xploration was 
decided upon and, on the fifth hospital day, a right upper lobectomy was performed. At 
operation, the mass was locatetl posteriorly in the right upper lobe and measured about 
o cm. ill ilianieter. There was no evidence of involvment of the mediastinal lyinpli nodes 
or of the right middle or lower lobe.s. The postoperative cour.se was uneventful and the 
patient was discharged on the fourteenth postoperative day. 




Fig-. 14.—Case 7. Kadlogiam of cliest sliowing ill-dellneil intlltr.ition m right upper lung 

aie.i (see allow). 


lie was seen 30 months after the operation and at that time was doing well. His 
chest roentgenogram showed no lesion. 

The gross specimen (S. P. No. .lo-Sl.id) consisted of the right upper lobe of the lung 
and there was a small puckering of the pleura over the apical posterior segment. On 
section, dense cheesy material of a gritty' consistency undeilay' the dimpled pleura. The 
tumor fanned out from this and blended in w'itli the lung so that grossly its margins were 
hard to deline. It ivas not encapsulated. The tumor had no bionehial relationship am 
the major bronchi were normal. 

The microscopie sections showed the tumor to be composed of rather thick trabeculae 
w'hich were lined by' columnar or cuboidal cells (Fig. la). The free margins of the ce s 
wore rounded and the cells were uneven in height. As they were not very closely packed 
onto tho trabeculae the epithelial surface had a cobblestone appearance. There was no 
capsule and the trabeculae blended in with the alveolar septa (Fig. 16). The nuclei were 
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FiK lo —Case 7 The tunjor Is composed of thick fibrous septa \shich arc coveicd by 
cuboiilal nonmucus forinlnff epitheUuiii Vt Uie marRina tlie tliick septu are continuous with 
the alveolar septa, but the tumor Is well circumscribed Tiie nuclei are irroRUlurly placed 
in the cells and Httle c> topUsm Is present 

Pij? IG'—C ise 7 At the margins the tumor trabeculae arc continuous with the »l\eolar 
opta The tumor Is circumscribed but not encapsulated ^ 
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largo and the cytoplasm rather scanty. No mucus, cilia, or mitoses wero seen. The cen¬ 
tral portion ot* tho tumor was hyaliuizetl ami in this area were numerous large blood ves¬ 
sels and several largo cystic bronchioles. Also, in the hyaline area were nests of epi¬ 
thelial cells which tended to form solid sheets of .s<piamous-like cells. These, in lAiiees, 
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Piff. 17.-Case 7. In the hyalinized core of the tumor are solid foci of epithelium wide > 
histologically are regarded as being malignant. thick septa and in the dyailnized 

areas are dense masses of elastic 
stains falnUy. 
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had the apptarante of malignant cUla (Fig 1 The tumor o\teiuled to the pleurUj but 
did not iiivado it In appropriate staine, tiu ti il iilae of the tumor showed an enormous 
amount of elastic tissue as did the central tini i ore ot the tumor (Fig IS) Numerous 
sections of tho remainder of the lung n I tie I lonchial Ijaiph nodes showed nothing 
abnormal 

DISCUSSION 

The seveial small tumois foiiinl im i h ntally iii autopsies weie well cit 
cumsciibetl but not encapsulated siugii n lubs Ijing beneath the pleuia in 
the penpheial lung fields and aine toinins I of thick fibious septa coveied 
by a layei of benign appeaniig cuboid il i in mens fonmng, iionciliated epi¬ 
thelium Ill tho laigoi tumoi-s, the ceiitna uric byaliiiized The thiekened 
bbions septa at the inaigiiis meigtd impeic. i tilily with the alveolar septa 
and, 111 appiopiiate stains, the thickened sep i and hyaliiiized cores were 
seen to contain huge numbois of elastic tissue hbeis These same featuies 
chaiacteiized the two lesions that became elimcally evident and weie excised 
In those eases, houevei, the epithelium outside the hyalimzed aieas was iiioie 
luMiuant and exactly lepioduced the histologic pietuie of the iionniueus 
ioiming typo of bionehiolai eaicinoma The photomioiogiaph used by 
Liebow“ to ohaiaeteiize “local disseminated bionchiolai onromoma” is eei- 
tamly similai to oni cases In another papei on this subject, Liehow^ states 
that “the lesion may be eiKonuteied as a single peiipheial focus, as multiple 
fool, and as an appaiontly cliftusc lesion imohing a majoi poitioii of a lobe 
or an entiie lobe " ‘^imilaily, Watson and Suuth,' in a discussion entitled, 
“Teiiuinal BioiichioUu oi \heolai Cell Cancer of the Lung,” wnte the 
“nodules weie discrete and iriegnlai in outline and occasionally had neeiotie 
centeis ” While they gave no nunoscopic desoiiptioiis tho photomiciogiaph 
and loeiitgenogiani of then Case Vo 21 would lend one to believe it to be 
similar to oui c.ise Theire was a small penpheial lesion which pioduced 
no symptoms The 8 month follow up levealed no fnilher disease Tumble, 
in a discussion of “com lesions” of the lung, piesentod a 3 cm single bion 
chiolar tumor similar to oiu eases Stoiey,“ in a leview entitled, “Bionehio 
lar (Alveolar Cell) Caicinoma of the Lung,” hneflj presents 3 eases of Ins 
ouii which histologically leseiuble oni cases 

Those aio examples of localized penpheial lung tumois uliich can he 
tound in case lepoits and renews of aheolai cell caicinoma oi hionehiohu 
caiomoina Unfoitunately these names aie used also for aiiothei non 
hionchogcnie oi penpheial lung tiimoi, pulmonaiy adenomatosis, and its 
malignant eounteipait, alveolar cell caicinoma, in uhich tall and usually 
well diftoientiated mucus secieting toluiimai cells foim a single cell thick 
membiaiie lining noimal alvcolai septa This disease usually iiuolvts ex¬ 
tensive aieas ot the lung, although, in laie instances, it too may pieseut it¬ 
self as a localized nodule, as m the case icpoittd by Rosemond, Boucot, and 
Ae^eiter’ Tho lesion in our Case 5, a 1 cm snbpleuial nodule, which was 
an'incidental autopsy finding (see Fig 5), is another example of a localized 
single focus of pulmonaiy .idenomatosis It is our opinion that pulmonaiy 
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adenom.itosis is probably a dlfterciit disease from that under discussion. In¬ 
deed, in revieAving the literature, one gains the impression that several dis¬ 
eases have been loosely gvoiipad under the lieading of pulmonary adenoma¬ 
tosis or alveolar cell carcinoma. 

The remaining eases of bronehiolar carcinoma, like pulmonary ade- 
latosis, may involve extensive portions of the lung or may be localized 
lesions such as Just described. Indeed, it ma}’’ he questioned whether many 
of these are frankly malignant tumoi-s. It is probable that our cases (6 and 
7) are low-grade malignant neoplasms. Others (Oases 1, 2, 3, 4) are un¬ 
doubtedly benign and have many features of jiialformations rather than tumors. 

These bronehiolar adenomatous malformation.s (Cases 1, 2, 3, 4) bear 
such a close resemblance to the frankly neoplastic lesions of Case.s 6 and 7 
that it is dillieult not to believe that the tumors arose in similar malformed 
areas. While it is generally believed that bronehiolar cai’cinoma arises from 
bi’onchiolar epithelium, no theory for their arising in bronehiolar malforma¬ 
tions, such as is depicted in Figs. 1 and 2, can be found in the literature. 
Laipply, Sherriek, and Cape^ described such an adenomatous nodule which 
they described a.s the "smallest bronehiolar adenoma yet described." A 
close analogy to this po.ssible origin of bronehiolar neoplasms would bo the 
common renal tubular adenomatous malformations which, iit times, may be 
so neoplastic in appeai-ance tliat they are difficult to di.stinguish from the 
malignant i-ennl tumor, l)ypernei)hroma. All gradations from the tiny mal¬ 
formations to the malignant hypernephromas exist.® 

The benign adenomatou.s broncliiolar malformations, of our eases, are all 
.single lesion.s, but if the lungs from those autopsied cases had been exhaus¬ 
tively studied, multiple nodules might have been found. Multiple lesions 
would bo a po.ssible explanation for the common widespread nature of bi’on- 
ehiolar cavainontu in the lungs. It is clear that bz’onchiolar carcinoma in .some 
eases is a localized t\imm- that is readily curable by surgical excision. 


Four examples of benign bronehiolar tumors arc presented which 
incidental autopsy lindings. The smaller of these lesions (Cases 1 anc 
Figs. 1 and 2) strongly suggest that they are malformations while the aigei 
ones (Cases 3 and 4, Figs. 3 and 4) have characteristics of frank tumor at 
their periphery, but retain the malformation-like structure central y. wo 
sueeessfully surgically treated ea.ses of vciy slowly growing localize ^ 
ehiolav eaveinoma avo presentetl (Oases 6 and 7) and their striking simi an 3 
to the incidentally found autop.sj' caso.s is shoAvn. The new concep la 
bronehiolar carcinoma may arise froju broneliiolar adenomatous ma 01 ma 
tions, in single or multiple foci, is put forth. The resemblance to the brou- 
chiolar adenomatous malformations in photomicrographs and histologic ue- 
seiiptions of reported eases of bronehiolar carcinoma is discussed. e ei 
some of the reported eases of bronehiolar carcinoma are indeed ma ignan 
neoplasms is questioned. 
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One example of localized pulmonai-v adenomatosis, aiiotliei tiiiiioi aiisiiig 
peiipheially in tlic lung, is included (Case 5, Tig 5), only to eoiitiast its 
histologic pictuie with the biondiioHi tivmois While in the htciatme, foi 
til most pait, pulmonai'j .idenomatosis ind its malignant coiuiteipait, alveo 
U cell oaieinoma, aio indiscnminateK gioiiped with bionthiolai caicinoma, 
these two diseases, in oui opinion an ililtiient in iiatuie and should not bo 
giouped togethei 
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CARCINOSARCOMA OF LUNG OF PERIPHERAL ORIGIN 
Cbatles N, Peabody, Ai.D.,'* PraminglHwi, A{asi. 


'X’nis IS a ease report oL' an elderly man who was treated for suspected tumor 
in tile mediastinum and who was found to have a carcinosarcoma of the lung. 
iJiis prc.sentation illu.strates the unu.sual histologic composition of the tumor, its 
atypical roentgenologic features, and its rare occurrence. 


C.\.SE liEUOKT 

This 7-i-.veiir-ol(l nuui was admitted to the VA liospital, Provideiieo, R. I., on Jan. 11, 
19ao, with the ehief eomiilaint of daily hemoptysis for the previous G weeks. He had 
slijjht left chest pain imt no weight Ios.s. Past hi.story revealed a cliolecystectomy and 
eholedochostomy in 1953, and llio smoking of twenty cigarettes a day for "many years." 
Phjsieal e.xaminatiou revealed diminislicd Lreath sounds over the left chest anteriorly, but no 
rales were heard. Testicles were normal. Blood and urine studies were normal. X-ray 
studies of the che.st disclosed a .sharply circumscribed, somewhat lobulated, homogeneous mass, 
measuring 11 cm. by 9 cm., which e.xteiided from the level of the aortic arch down to the 
hilar region and lay anterior to the trachea, possibly compressing it slightly (Fig. 1). The 
mass was not present in x-ray studies of May ‘28, 1953. An intravenous pyelograro was nor¬ 
mal. Bronchoscopy revealed a small amount of blood issuing from one of the subdivisions 
of the left upper main-stem bronelius, probably one of the lingula bronchi. A Papanicolaou 
smear of the bronchial secretions was consistent with chronic inflammation. Preoporative 
diagnosis was a malignant tumor of the mediastinum. 

On Jan. ‘24, 1955, an exploratory thoracotomy and left upper lobectomy were carried 
out. The left lung showed complete develojiment of the major fissure and adherence to the 
thoracic apex and tiio mediastinal border. A smooth, lobulated tumor presented in the 
anterior segmental portion of the upper lobe and appeared to infiltrate tlie mediastinum, 
where it was adherent to the x>hrcnic nerve and ux)por pericardium. It was also adherent 
to the areolar tissue surrounding tlie root of the heart. Removal of the tumor necessitated 
excision of a block of pleura and phrenic nerve. Poor xnilmonary reserve in this elderly 
patient contraindicated total i)neumonectomy. 

The patient did well following the operation but suffered thrombosis of the popliteal 
artery of the right leg and underwent a mid-thigh amputation. He was discharged im¬ 
proved on Feb. 23, 1955. However, he returned to the hospital on May 23, 1955, and died 
of a bleeding duodenal ulcer. At autopsy ho was found to have metastasis of this same 
mixed tumor to retroperitoneal and mesenteric lymph nodes, to liver, to pancreas, and to 
both kidneys and adrenals. The organ metastases showed both histologic components in 
every case. 

Received for publication Nov. 3, 1958. 
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Pathologic Study ,— 

Gloss CJcamiiiation: TJic left upper lobe and its tumor neighed 260 grams. The 
rouudt'd mass was 8 cm. in diameter. When the Itmg- was incised, a large solid tumor rolled 
out of the lung revealing a cavitj' lined by a shtggy membrane, 0.2 cm. tliielc. On section, 
tlie tumor was wet, friable, and gray with alternatiug dark red zones of liemorrliage. Dissec* 
fjon of the lironehi to the hfth order in all revealed no evidence that the tumor 

aiose from tlie opened lumina. Nine intiapuluimiaiy nodi's were found, the largest of which 
was 1 cm. in diameter. 



1.—Tlilq postejoanterloi loentjfenojrrain &]io\\b tlie smooth peupheral border of the tumor 
which on lateral dims was seen to be in the anterior super/or rncdia.stmmn 

Mioro&copic examination: Multiple sections icwcaJod a malignant neoplasm composed 
of cells of two distinct histologic types. T^pc A showed an epithelial component of atypical 
polyhedral and low columnar cells forming large and small irregular glands, often witii 
papillary urrungcineut. The caiciiioma cell type strongly suggested peripheral (alveolar) 
origin. The indiMdual cell of Typo A had a largo oval nucleus with coarse grauular 
cUromatm and \iolet cytoplasm. Type B was a malignant mesenchymal tumor which 
Gomori’s tnehrome and Laidlaw reticulum staius identified as fibrosarcomatous with 
a delicate reticulum pattern surrounding the individual spindle cells. The cells of Typo B 
were long and fusiform, irregular, with granular nuclei and blue cytoplasm but were not as 
deeply colored as the cells in Type A. Numerous mitoses were seen in both components. 
Tiiroughout the stroma were areas of necrosis and hemorrhage. No tumor was seen in the 
lymph nodes and the tumor liad not invaded its ^'capsule.*' Final diagnosis: Mulignjuit 
mixed tumor of the lung with adenocaremomatous and fibrosarcomatous compoueiits. 
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DISCUSSION 

Accoi’ding to Willis,'’* a carciuosarcoma in a neoplasm of epithelial and non- 
epithelial cells ot an epithelial neoplasm with sarcomatous degeneration of its 
stroma. It is not to bo confused with the “collision tumor” which is an acci¬ 
dental growth of a sarcoma and carcinoma next to one another. Multiple section 
examination Avill reveal tlierc is no free intermingling of components as is seen 



sarconil cells. (X 1^5; leduced b-) 


scbl -- 

in the eareinosareoma. Bergmann, Ackerman, and 

osarcoma of the lung is rare since they weie differs 

other cases in the literature. 1 he histologic associates. The carein- 

slightly from the eases reported by Bergmann ai oid in differentia- 

oAtous elements in the two tumors he ^ left lower 

;r -- -— 
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the tumor had an adenopapillai-y pattern in the earcinomatoiis element and 
spindle cells in the sarcomatous component. Ogawa* reports a 70-year-old man 
who died with a lesion in the right upper lohe wthout metastasis. Jlioi’oscopy 
revealed that the carcinomatous component was adenocarcinoma with ti'ansi- 
tional cells. The sarcoma was composed of spindle cells. Woher-' dcsciuhes a 
77-year-old man with a large left uppei lobe tumor which had metastasized to 



Fjff. 3 —The same tissue sections stained with I^dlaw’s reticulum show the fine pattern 
of reticulum seen m flbrosarconia. {X 125, reduced ^.) 

hilar and mesenteric lymph nodes, brain, adrenal, kidney, stomach, and je¬ 
junum. Histologic examination revealed epidermoid, adenocarcinomatous, and 
undifferentiated carcinoma in it, as well as spindle cell sarcoma. All authoi's 
report that a carcinosarcoma may metastasize as a sarcoma, as a carcinoma, or 
as both. The gross features of this case also differ fiom the cases reported hy 
Bergmanu which were of pedunculated iiitrabroncliial tumoi-s. Our lesion 
was not associated with a major bronchus and was probably of hionchiolar 
origin. The 2 patients reported by Bergmanu were alive without evidence 
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of loeunoiico at 0 yoans and at 1yeai^s, re.spe«;tively, after total piieuiuonec- 
tonu. Ihe otln'r eases nietitioiK'd in literature were based ou autopsy liiidings. 
Liebow^ suggests that eareiuosareonuis of lung may represent cpidornioid 
tumors manifesting a tendeney toward extreme pleomorphism. Our positive 
relieiihim stain does not support his view. 

\\ illis reviews some e.xpcriiueutal work concerning the origin of carcin¬ 
osarcoma and suggests tluit a mother cell may give rise to both carcinoma and 
sarcoma in the same tumors in animals, and perhaps human origin is on the 
same basis, lie points out that apparent sarcomatous changes znay tzilce ijlaco 
in ;i eareinoma .successively tninsplzinted izi aniinal.s. He likewise ziotcs tliat 
certain chemical eareinogens have been said to produce tumors of both 
sarcomatous and carcinomatous constituents. 


SUMMAKY 

A ease is reimrted of au elderly man who underwezit left upper lobectomy 
for a tumor izi the chc.st rcsendziing a mediastinal mass. The tumor proved to 
be a ciii’cinosarcoma of the lung, witii ndenocarcinoniatous and tibiusarcomatoizs 
components. At autopsy, 5 mouths after lobectomy, metastiiscs cozitaiziing both 
histologic components were found in I'ctropevitoneal and izicscnteric lymph nodes, 
in liver, pancreas, both kidneys, and both adremds. Tliis is tlie eleventh ear- 
cino.sarcoina of tlie lung (and the first of izeripliorzzl origin) repoi-tcd in the lit¬ 
erature. 
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LUNG CANCER—METASTATIC THEORY AND 
SURGICAL PRACTICE 

IF / B. Onuigbo,* M B (Glas ) BSc (Land ), Glasgow, Scotland 

I X sui!GFR\ for luiig cancel, theie is need toi the suigeoii “to bettei lus tecli 
nique and the efficiency of his euialiie opeutions” (BiocL^) In this con 
nection, it is agieed that hmpli nodes should bo c\cised but to date theie is no 
geneial agieenient on how fai to go Thus, iihile Watson*- iianted “a ladieal 
pneunionectoiiiy iihioli leiitoicsall possible limphatie aieas,” Delaine* depiecated 
“a diioet siiigieal attack on ipsilateial mediastinal hniph nodes ” 

Hajwaid'' has suggested that the suigeiy of lung cancel “ivoiild be fai 
inoio securely established if it could be shoiiii to lest on sound pathological pun 
eiples ” Foi example, is ladical pneumonectomj justified on pathologic gioiinds^ 
It lias the late Aichibald Leiteli who pointed out that ladical opeiatioiis sliould 
be based on niuneious pathologic studies aimed at discoieiiiig inotastatic loiites 
The piesent papei fulfills this objectiic by bunging togetlioi studies that I hate 
earned out on metastatic patliiiajs in bioiichogeiiio caicinoma It justifies 
ladieal pneumonectomy 

IM'ESTIGATIONS 

Statistical analysis of 1,000 neciopsv lecoids of lung cancel collected fiom 
Glasgow hospitals shoiied a significant iiuoHcment of the ipsilateial adieiial 
(Onuigbo®) The value of iias 84, p being less than 0005 In cases shoeing 
bilateial adrenal nietastases, the ipsilateial deposit i\as usnallj laigei tlian the 
contialateial Out ot 184 cases, in which bilateial deposits iieic fiilh dcseiibcd, 
theie weie largei ipsilateial deposits in 121 and huger contialateial gioiiths in 
oiilv 63 (Onuigbo*®) This ipsilateial piepondciaiice is highly significant 

Of 115 bionchial carcinomas iiictastasi/nig to the liier, 77 ga\c use to de¬ 
posits confined to, oi piedominatiiig in, the ipsilateial lobe, only 38 cases shoued 
a contialateial tendencj (Onuigbo”) Tins ipsilateial tiend is signihcant 
(x- = 13 26, p < 0 001) 

On anahrnig 260 bionchial taicinoiiias nuading the Kidncjs (Onuigbo'"), 

I found that 150 shoued deposits iiliich ueie eithci ipsilateial oi hiigei ipsi- 
lateially, as against 110 shotting a contialateial tieiid This finding is also 
signihcant (x" = 6 15, p < 0 025) 

From the Department of P itholopy Tlis lJni\er,-itS inU tt c-itern Inllrni irj 01 i-^son 
Scotland 
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of lecurrouce at G years and at years, respectively, after total pneiimoiiec- 
toin^\. i he otiier cases iiieiitioued iu literature were based on autopsy findings, 
Licbow suggests that carcinosarcomas of lung may represent epidermoid 
tumors manifesting a tendency toward extreme plcomorphism. Our positive 
reticulum stain docs not support bis view. 

illis reviews some experimental work eoueerning the origin of carcin¬ 
osarcoma and suggests that a mother cell may give rise to both carcinoma and 
sarcoma in the same tumors in animals, and perhaps human origin is on the 
same basis. Ho points out that apparent sarcomatous changes may talce place 
in a carcinoma successively transplanted in animals. lie likewise notes that 
certain chemical carcinogens have been said to produce tumors of both 
sarcomatous and carcinomatous constituents. 


SU:\I.MAliY 

A ease is reported of an elderly man who underwent left upper lobectomy 
for a tumor in the chest re.semhling a mediastinal mass. The tumor proved to 
be a carcinosarcoma of the lung, witii adenoeareinomatous and fibrosarcomatous 
components. At autoi).sy, b months after lobectomy, metastases containing both 
hi.stologie components were found in retroperitoneal and mesenteric lymph nodes, 
in liver, pancreas, both kidneys, and both adrenals. This is the eleventh car- 
einosareoma of the lung (and the tii'sl of peripheral origin) reported in the lit¬ 
erature. 
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LUNG CANCER—METASTATIC THEORY AND 
SURGICAL PRACTICE 

W I B Oningbo* ISiB (Glas ) BSc (Land ),Glasgoiv, Scotland 

I N' suRGi BY foi lung eaiicei, theie is need foi the suigcoii “to bcttei lus teeli 
niquc and tlie efficiency of Ins euiatiie opeiations” (BioeL^) In this con 
ncction, it IS agieed that hiiiph nodes should be cscised but to date tlieie is no 
geiicial agieenient on how fai to go Thus, while Watson’" wanted “a ladieal 
pneumoneetoiny which leinoies all possible hmphatic aieas,” Delaine* depiecatcd 
“a duect suigical attick on ipsilateial mediastinal hmph nodes ” 

Ilaywaid has suggested that the siiigeiv of lung cancel “would be fai 
moio securely established if it could be shown to lest on sound pathological pun 
ciples ” Foi example, is ladical piiciiinoiiecfomj justihed on pathologic gioundst 
It was the late Aiclnbald Leiteli who pointed out that ladical opeiations should 
he based on iiumoious pathologic studies aimed at discoieiing metastatic loiites 
The piesent papei fulfills this objcctiie by bunging togethei studies that I liaie 
earned out on metastatic pathways in bionchogcnic caiciuoma It justifies 
radical pneumoneetomj 

INIESTIGATIONS 

Statistical analysis of 1,000 iieciopsy lecoids of lung cancel collected fiom 
Glasgow hospitals showed a significant iiiiohement of the ipsilateial adienal 
(Onuigbo®) The value of \ was 8 4, p being less than 0 005 In cases showing 
bilateial adienal metastases, the ipsilateial deposit was usually laigei than the 
contialateral Out of 184 cases, in which bilateial deposits weie fiilh desoiibtd, 
theie weie laigei ipsilateial deposits in 121 and laigei contialateial giowths in 
onh 63 (Oiiuigbo’”) This ipsilateial picpondeiance is higlilj significant 
Of 115 bionehial caicmomas iiietastasi/ing to the Inei, 77 gaio use to de 
posits confined to, oi piedominating in, the ipsilateial lobe, onlj 38 cases showed 
a contialateial tendenej (Oniiigbo”) This ipsilateial tiend is significant 
(x" = 13 26, p < 0001) 

On anahzing 260 bionchial caiciiioiii is invading the hidneys (Onuigbo’”), 
I found that 150 showed deposits which wcic oithei ipsilateial oi laigei ipsi 
lateially, as against 110 showing i coiiti ilatcial ticnd This finding is also 
significant (x" = 6 15, p < 0 025) 

ScotuSd"' PathoIOKy Thu Unhersitj and Western Innt.nt.j Glasgow 
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A collateiTil study ou the brain also showed a significant ipsilateral disposi¬ 
tion witli respect to the inetastatie involvement of the cerebral and cerebellar 
hemisphere y- = 5.02, p = 0.025 (Onuigbo“), If if ty-five eases collected from 
the literature gave a comparable result. 


mscussio.v 

In eancer surgery, according to Allison,' “rough generalizations are pos¬ 
sible and are clinically helpful.” Since radical pneumonectomy requires ex¬ 
cision of all ipsilateral lymphatic tissue, it is helpful to be able to generalize that 
lung cancer spreads ipsilaterally. topographical studies are in accord with 
this generalization. Lymph node invasion is also largely ipsilateral (Onuigbo®). 

These observations suggest that, in the genesis of visceral metastases, 
lymphatic carriage ot‘ cancer cells is a probability. In consequence, since ipsi¬ 
lateral lymphatic tissue in the chest is the logical halfway station for such 
distant metastases, the desirability of radical clearance of all such tissue at 
pneumonectomy would seem to be indicated. 

Long ago, Arnotf- noted that the zeal and hopefulness of a surgeon de¬ 
pended “in a great measure upon the particular theory which he may hold.” 
Handley’ was of the opinion that the hematogenous theory of metastasis has 
“remained as a direct discouragement to the surgeon's efforts.” Fortunately, as 
shown above, this need not be, for a lymphogenous theory is possible. This 
theory in principle justifies the operation of radical pneumonectomy for lung 
cancer. 


CONCLUSION 

Early diagnosis and adequate surgery can change the dim outlook in lung 
cancer. Radical excision of ipsilateral lymphatics is not yet generally accepted 
as the treatment of choice in this fell disease. It is, however, a sound procedure 
for topographical pathology suggests that lung cancer exhibits a statistically 
significant bias toward invading ipsilateral lymph nodes, adrenal, kidney, 
hepatic lobe, cerebral and cerebellar hemisijheres. If the patient’s condition 
allows it, prophylactic di.ssection of all lymphatic tissue in the hemithorax is 
indicated. 
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OBSERVATIONS ON PULMONARY VASOMOTOR REFLEXES 

Paul JF. Sanger, M.D., Franc/s Rolncsek, M.D., Frederick FL Taylor, M.D., 
Roberto Magistro, M.D., and Egidio Foti, M.D., Charlotte, N. C. 


Tr)ULMOXAU\ hyi)ertoii.sioii is a frequent eonipaiiioii of various carcliopul- 
A nionary diseases, ^rany opeiailions iiave been performed with the aim 
of euring' or preventing this eompliealion; .still the basic phj'siologic prob- 
J(‘ms nt pulmonary hypertension are far from being solved. 

*Many years go, [)rimary iiressure elevation in the left atrium and pid- 
monary veins was eiteil as an explanation for pulmonary hypertension in 
mitral st(‘nosis and in left ventiaeular failure. It has been generally accepted 
abso that increased ])ulmonary How aloin* may bo respojisible for the develop¬ 
ment of pulmonary hypertension in certain eases of congenital heart disease. 

Progress in eireulatoiy re.search introilueed by heart catheterization has 
shown the problem of jjtdmonary hyperteiision is more complex than pre¬ 
viously supposed. Interest has been focused on S])ecial functional problems 
of the lesser circulation, primarily the role play(‘d by the small pulmonary vg.s- 
sols in the regulation of blood ]n'ossure in the lungs. 


The relationship betw(‘en j)ulmunary hyperten.sion and anatomic changes 
in the small pulmonary vessels in dill'erent cardiopulmonary conditions has 
been inve.stigated extensively and described in detail.The circumstances 
affecting the functional changes which j)recede or accompany anatomic 
changes differ. There is considerable controversy regarding vasomotor control 
of the pulmonary circulation. Some investigators®''" deny even the existence of 
vessels in the lung capable of vasoconstriction, but others”’'"'' believe that pul¬ 
monary vascular reflexes dee])ly affect the clini(*al picture, limit the surgical 
operability, and influence the imstoperative results. 

It has been asserted”’ ■*’'®’ that elevation of the left atrial and 
pulmonary venous pressures causes a great increase in pulmonary arterial 
pressure in conditions where the pidmonary capillary pressure approaches the 
colloidal osmotic pressure of blood. Dexter and his associates"- have sug¬ 
gested that this elevation of pulmonai’y arterial pressure might be due to a 
reflex arteriolar vasoconstriction. They also proposed that an increase in the 
pulmonary arteriolar resistance ("pi’ecapillary barrier”) may protect the 
capillary bed of the lungs fi’om a sudden surge of blood from a competent 


This work was clone in the Heineman Foundation Laboratory 
Research and the Department of Tiioracic Surgery of Chariotte nnei 

N. C.. and was supported by the United Meciical Research Foundation of Nortii Caiolina 
the John A. Hartford Foundation. 
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right veutriele, thus preventing the ilevelopment of pulmonary edema. This 
tlieory wa.s .supported by clinical observations”' «• «■ “ that 

ahnovmally high pulmonary arteriolar resistance may bo decreased by the 
administration of ganglion blocking .igents or by performing a successful 
mitral commissurotomy. 

The concept concerning pulmonary reflex vasospasm has been challenged 
recently. 

1. Some authors state that they were unable to find an increase in pul¬ 
monary arteriolar resistance following exercise in patients with mitral 
stenosis.”^ 

2. Others contended that the effect of ganglion blocking agents is due 
to systemic vasodilatation and “pooling of the blood” rather than to 
pulmonary arteriolar dilatation.^"- 

3. Finally, other investigators found tliat elevation of left ati'ial and pul¬ 
monary venous pressures was followed by an immediate decrease in 
pulmonary arteriolar resistance, which is in complete disagreement 
wdth the reflex theory.”’ ”•"" 

Because of the controversy, we thought it reasonable to investigate the 
problem of pulmonary vasomotor response by elevating the pulmonary venous 
pressure experimentally, where this effect could be selectively studied. 

MATERI.VLS .\ND METHODS 

Mongrel dogs, weighing from 10 to 20 Kg., were used. They were an¬ 
esthetized by sodium Pentothal and intubated endotraeheally. Ventilation 
was maintained with a Jefferson respirator. A loft anterolateral thoracot¬ 
omy was performed in the fourth interspace. The hilus of the lung was cau¬ 
tiously dissected and care was taken to avoid injury to the hilar and peri¬ 
vascular nerve fibers. Ligatures were placed around the left pulmonary 
artery and veins and the left main bronchus was isolated and occluded. Leav¬ 
ing the nervous connections intact, the left lung was excluded from ventila¬ 
tion and pulmonary circulation. 

The veins of the isolated left lung were cannulated with polyethylene 
tubes. These tubes were brought through the chest wall as the thoracotomy 
incision was closed, and the pleural cavity was drained through an inter¬ 
costal catheter placed under J cm. of water. Thereafter, spontaneous re.spira- 
tion was restored. 

Then normal saline (in some of the experiments whole blood) was in¬ 
fused through the polyethylene tubes. In this way the pressure in the veins 
and capillary system of the isolated left liuig was elevated to 35 to 4,5 mm. llg 
without dii'cctly altei-ing the hemodynamics of the intact right lung or the 
systemic circulation. 

In the course of the experiments, pressure was measured continuously 
in the right pulmonary artery, left atrium, femoral artery, inferior vena cava, 
left pleural cavity, and in the veins of the isolated left lung. The mean pres¬ 
sure was determined by electronic integration. The ventilation and oxygen 
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uptake were measured bronehospirometrieally. Blood samples were taken 
from the right pulmonary artery and from the left atrium. The oxygen con¬ 
tent of these samples was determined photometrically. 

The blood How through the right lung and systemic vessels was calcu¬ 
lated by the Bick principle. Pulmonary arteriolar resistance was calculated 
and expressed in dynes per centimeter per second'^ units by dividing the pul- 
monaiy artery-left atrium pressure gradient by the pulmonary blood flow. 



Rhodanate dye was infused in 5 experiments, and the escaped a olum 

through the bronchial vessels was performed 

In a control series of experiments, a light thoiacoto j 

under aseptic conditions. 7'he entire right 

extirpated from the stellate ganglion to the .^as 

was dissected free and all Us thoracic ^ ^ ^lays following this 

closed thereafter in the usual manner. J of the thoracic 

operation a left thoracic sympathectomy ‘ Cisolation of the loft 

vagus branches was done. The procedure otherwise isolation 

lung, etc.) was identical to that described in the first senes. 


RESULTS . n 

Thirty experiments were performed in the exprf^^ 

(eontrol) grouP- A summary ot the rcsulte derived fiorn these P 

““Ihnormally increased pressure in the venous and eap^J system o»im 
isolated tang did not alter generally the system.e eireiUation, 
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and venous piessuies leniained the same The caidiae output inoioased inoie 
than 30 pei cent only in 3 and deei east d m 7 cases Thei e ii as no significant 
change in the systemic ciiculatoiy usistancc, aiteiial o\ygen satuiation, oi 
aiteiiovenous oxygen difiEeienee Th( left atiial pressuie lemained stabile 
In most of the expciiments, the mtusion was followed by a modciate in 
ciease in the lespiiatoiy late without i significant alteration of the minute 
ventilation oi oxygen uptake 



Fig 2 —Changes in pulmonarj ar erlal pressure after high pressure Infusion 


Unlike the systemic ciicuit, the hemodynamics of the intact light lung 
changed piofoundly In 30 cases, the pulmonaiy aiteiial piessuie lose sig 
nificantly in 20 cases, slightly in 4, decieased modeiately in 3, and lemained 
the same in 3 In most of the cases, the pulmonary aiteiiolai lesistance lose 
shaiply, indicating aiteiiolai x'asocoiistrietion In IB cases this elecation 
exceeded 100 pei cent of the basal \alucs This elec ition oi the aiteiiolai 
icsistanee became manifest piimaiily in the eleiation of the inilinoiiaiy ar 
teiial piessuie and not in the decrease ot the pulmonaiy blood How 

In 10 contiol eases wheie bilateial thoiacie sympatlieitomy and tians 
section of the pulmonaiy vagus biaiiches piecedcd the cxpoiiment, the above 
changes in pulmonaiy hemodynamics did not deielop The pulmonaiy ai- 
teiial pressure elevated moderately only nr 1 case (6 nun Hg), sliglitlj in 5, 
and lemained the same oi decieased modeiately in 5 eases AVe wcie unable 
to obseive significant elevation in the pulmoiiaij arteiiolai icsistance (moie 
than 30 pei cent) in any of the contiol animals 

111 5 experiments, whcie ihodaiiatc nas added to the infusion, the 
“escaped” fluid volume was estimated and found to he negligible (less than 
40 ml in an obseiration peiiod of 20 minutes) 
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Fly. 3.—Changc.s in pulmonary "va.sculur" circulatory resistance after hlsh pro-ssure infusion 

(e.xprcs.sct.l in per cent of tlie ba.sal values). 

One such expJiiinition is that the left lung was isolated from the pul- 
monavy but not from the bronchial or lyinpliatic circulations, and part of the 
infused fluid escaiied through these vessels, increasing acutely the circu¬ 
lating blood volume. This hypervolemia may lead to the development of 
j)ulmonary hypertension in animals having tuidergone a physiologic left 
pneumonectomy. 

Our experimental observations proved that such hypervolemia could not 
account for the increase in pulmonary arterial blood pressure. 

1. In 27 out of 30 eases the cardiac oiatput remained the same or even 
decreased, indicating that the pressure elevation was due to an increase in 
circulatory resistance and not to an increase of pulmonary blood flow. 
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3 Systemic venous and left atinl blood piessiues also jcmained stable 

3 Fmtheimoie, the ihodaiiatc dvc dcteinunations gaie evidence that 
the “escaped” \olnmo did not evccid 20 to 40 ml, uhieli is negligible 

4 Finally, oui oxpoiiments showed that this pninioiiaiy aileiiil pies 
sui e ele\ ation was not due to an me 11 isi in iiiti athoi aeic pi essiii e 

The mciease of the pulmonais iitm left itmim piessiue giadiint with 
stabile pulmonaiy blood flow pio\<s tint the pulmonaiy hypeitension was 
a conseciueneo of an aetne eoiistiietion ot smallei pnlmoiiaiy vessels piob 
ably the aiteiioles Similai cllcct was d< monstiated by san Bogaeit’® and 
Denny BiowiF” and then associates on eenbial oiiculation 

The fact that the aboic changes ot the pulmonaiy hemodjnamits did 
not occur following bilateial thoiaeie sympathectomy and lesection of the 
thoiaeie vagus blanches suppoits the theoij that the eleiation in pulmonaiy 
laseulai ciioulatoiy lesistancc is nenoiis in oiigiii This ls in aecoidanoe 
with iefle\ concept, namely, that delated piilinoiiiii venous and capillaij 
piessuie induces an aiteiiolai spasm in the lungs 

Oui e\peiiraents do not give iiifoi uiation as to the exact localiaition of 
the picssoieceptois oi the detailed pathway of this leflex, howciei obseiva 
tions made by Diiken,^'' 'Wiggeis-’ and thou eowoiheis indicate that the 
pulmonaiy lasocoiistiiotoi fibeis lun piimaiil} thiough the sympathetic 
system 

Finally, the iiuestion aiiscs, “What is the clinical impoitancc of this 
leflox activity"” Dextei supposes that the lasospasm is a compensatiiv phe 
nomonon, aud the aiteiiolai nan owing leads to a fuithci delation of pul 
iiionary aiteiial piesssuie, as piceapillaij baiiior it pioteets the most lulncrable 
pait of the pulmonary vasoulai bed On the basis of oiii expeiuiieiits, we aie 
not able to piove oi dispioie tins condusioii, prmiaiilj because oui obseiiations 
weie made on healthy animals and not on hiiiiiaii beings with heait disease, 
but tompaiing the lesiilts of oiii expeiimcnts with clinical obseiiations it is 
0111 impiession that the leflex aiteiiolai lasomotoi aetnitj plays an im 
poitant lole in the regulation of pulmonaiy ciiculation As anj othci func 
tional 1 asoconstiietion existing foi a piolongtd peiiod of time, the sjnsm of 
pulmonaiy aiteiioles too will soonci oi latei gi\c use to oiganic \asculai 
changes 

suxni iBx 

Theie is coiisideiable contioveisy in nndical litei itiiie legaidmg the 
xasomotoi eontiol of pulmonaix \esscls The authois studied cxpeiimcntallj 
the significance of pulmonai} lefltx vasospasm in the deidopment of pul 
moiiaiy hypei tension 

The left lung was isolated fioni pulmonaij ciieulation and aentilation 
The neiioiis eonnectioiis weie Icit intact The piessiiic was delated in the 
lenoiis and eapillaiy system of the isolitid left lung bj high picssuie in 
fusion This picssuie delation w is iinincdiatelj followed hi pulmonaiy liy 
pel tension and aiteiiolai constintion in the opposite intact lung 
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DISCUSSION 

Ill the experiments closeribed, iiornuil siiliiu; solution or blood was infused 
under pressure into the isolated left lung. The most important circulatory 
event observed in the course of the infusion was the acute development of 
pulmonary hypertension in the intact right lung. This may have different ex¬ 
planations. 



Fig. :i.—Clutngo.H in pulmonary "v.-i.scular" circulatory 

(c.xprcaseil in per cent of the U.u^al \aiucM;. 


One such explanation is tliat the left lung was isolated 
monary but not from the lironchial or lymphatic circulations, 
infused fluid escaped through these vessels, of 

lating blood volume. 7’his hypervolemia^ may Icmd to the ^ J 
pulmonary hypertension in animals having undergone a p y o 
pneumonectomy. . ,, . 

Our experimental observations proved that such hypervo emia c 

account for the increase in pulmonary arterial blood pressure. 

1 Tn 27 out of 30 eases the cardiac output remained i 
decreased L^^ating that the pressure elevation was due to an increase in 
circulatory resistance and not to an increase of pulmonary blood 
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2 Systemic venous and left atiial blood pussuies also lemained stable 

3 Fmtheuiioie, the ihodimte dye deteiminations gaie evidence that 
the “escaped” volume did not exceed 20 to 40 ml, ivliich is negligible 

4 Finallr, oui expeumeuts slnmcd that this pulnionaij aiteiial pies 
suie delation i\as not duo to an men isi m intiathoiaeio piossuie 

The mciease of the pulmonaiy iitin-left atiuim iiiessuie giadicnt with 
stabile pulmonaiy blood flow pious that the indmonaiy hypeitension was 
a consequence of an aetne constiutiou of snnllei pulmonary vessels, piob 
ably the aiteiioles Similar cfteet was dcmonstiated by laii Bogaeit'* and 
Denny Biom 11 ''“ and thou associates on ctrebial eiieulation 

The fact that the above changes of the pulmonaiy hemodynaiiucs did 
not oeeui following bilateial tlioiaeic sympathectomy and lesoetion of the 
thoiaeie vagus bnnehes suppoits the tlicoiy that the delation in pulmoiiaij 
laseulai eiieulatoij lesistance is neiioiib iii oiigiii This is in aceoidaiioe 
with leflex concept, namely, that delated puhiioiiaij iciious and capillaii 
piessiiie induces an aiteiiolai spasm iii the lungs 

Oiii expeumeuts do not give infoimation as to the exact loealuation of 
the pitssoieeeptois oi the detailed patliiiaj oi this leflex, howeiei, obsciva- 
tions made by Diiken,"® Wiggeis"’ and then eoiioilcers indicate that the 
pulmonaiy iasoeonstiictoi fibcis iim piimaiily thiough the sympathetic 
system 

Finally, the question aiises, “What is the tlimcal impoitaiioe of this 
leflex aetivitj ?” Dextei supposes that the lasospasm is a eompeiisat ni plie 
nomenon, and the aiteiiolai nauowiug loads to a fuithei eleiatn i pul 

monaiy arteiial piesssuie, as piceapillaij baiiiei it pioteots the most table 

pait of the pulmonary lasculai bed On the basis of oiii expeiim \e me 
not able to piove oi dispioie this coneliisioii, piimaiily because o I s i latioiis 
weie made on healthy animals and not on lumiaii beings lull li ut listase, 
but eompaiing the lesults of oui cxpeiiiiieiits iiitli clmieal mu hi ns it is 
0111 impiession that the icflex aiteiiolai lasomotoi actn t is an im 
poitant lole in the legulatioii of piilmoiiaiv ciieiilation Is in\ otln r func 
tioiial vasoeonstiiction existing foi a piolonged peiiod i 1 tiiiu, tin spism ot 
pulmonaiy aiteiioles too will sooiiei oi latci gi\e iisi to oigiiiic lastulai 
changes 

sumi IBY 

Theie is coiisidciable coiitioicisy m iiiodKal litciatuie leguding the 
lasoiiiotoi toiitiol ot pulmonaiy icssels 'The aiithois studied cxpLiimeiitally 
the signifioancL of pulmonaiy leflex vasospasm m the deiclopmeiit of pul 
monaiy hypeitension 

The left lung was isolated flora pulmonaiy ciiciilition and iciitilatioii 
The neiious connections veie left intact The piessuic iias delated in the 
icnoiis and capillaiy system of the isolatid left lung by high pussiiie in 
fusion This picssuie delation iias immediitdy folloiicd by piilnioiiuy hy- 
peitension and aiteiiolai constiiition m the opposite nitaet lung. 
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These experiinenlal observations prove that elevation in pulmonary 
venous and capillary pressure causes arteriolar vasospasm in the hings, and 
this reflex plays an important role in the rcgulatioii of the lessor circulation. 
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BILATERAL EXTRAPERIOSTEAL PARAFFIN PLOMBAGE 
FOR PULMONARY TUBERCULOSIS 

R T Pox, AID,* IFw /VI Lees AID ** T ID Shields, AID,*** 

E DiAIaico, AID,**** and N Alanzo, AID Chicago, lit 

D espiij. bettci ease finding methods and impioved chemotheiapj foi active 
tiiboieulosis, the pitient with cUeiisivc bilatiial pulmonaiy tubeiculosis is 
still d niajoi pioblein The nidjoiity ol patients with sueli insol\einent can be 
be biought uiidei contiol and the dtsease aiiested by eliemotlieiaps alone An 
additional gioiip svill aehieso sufficient iinpioscnient so that lesection of the 
significant lesidual lesions mas be accoinplishctl safely by unilateial oi bilateral 
pioeeduies In the leiiiaining iiiinoiitt m whom the lesidiial disease is so e\ 
tensive oi the pulnionaiv leseuo so low that leseetion is extienioly iiskj it not 
impossible, bilafeial suigical collapse is often feasible We should like to 
piesent oiu e\peiience with a gioup of such patients who have been t eited 
with bilateial thoiaeoplasty with extiaptiiosttal paraffin plomhago 

A loview of the liteiatuie shows that a bihteial nppioach in the tuatment 
of pulinonai} tubeiculosis Ins lun the gamut fiom Foilanmi in 1911' to F J 
Lewis and his associates m 1954 Onh when lung tiaiisplaiits oi aitificial lungs 
are available can one become inoit ladical Foilanim advocated the use of 
bilateial pneuniothoias., siiccissivclv applied lathei than simiiltaniouslj In 
1912, Aseoli' lecoiniiieiided siiniiltaiicoiis bilateial piitniiiothoiav and otheis fol¬ 
lowed this lead in subsecpient jtais Cuiti* m 1927 leportcd the use of bilateial 
phieiiic iieuieetom} In 1929, Aiiiieuille' and also JIaendl' published an ac 
count ot patients in whom piieuinothoias and coiitialatiial thoiaeoplasty vveie 
used successfiill} Kiiisella,-' in 1930, icpoited a seiics ot dogs and iiionkcjs in 
which bilateial tlioiaeophstv was well tolciated It was not until 1932 that 
any ripoits of bilateial thoiaeoplasty iii hiunaii bungs weie publishid Dufl 
Allen,' Jessen,' and Giavcseii- each lepoited a single case ot paitial bilateial 
thoiacoplastv, peitoiiiied as staged pioeeduies, and appaicntlj tokiatod well 
by the patmits These and othei authois also discussed tin, use ol tlioiacoplaslj 

From tlie Slunicipal Tuberculosis, Sanitarium Chicago Ill 
Recei\el for publication Iso\ 6 19dS 

• \ssistant Clncf of Surgerj Aiunicipal Tubeiculosis Sinitaiium Chicago II! nn 1 Vs 
sociate in Surgerj Northwestern Universit> Medical School 

••Chief of Surgery alunicipil Tubt-rculosls Sanitirium Chicago Ill an 1 Clinical \s 
sociate Professor in Surgery Loyola Uni\ersit 5 Stritch School of ’Vie Heine vn 1 M rc> Jlospitil 
••• Vttendmg Thoi icio Surgeon \ettrans Vdniinlstr itl in Ueso ireh Ilo-’pit.il Chic»{,o 
Ill anil Associate vn Surgerj Northwestern Unhersity Me Heal School 

••••Fonneily Resident in Surgerj Municipal Tuberculosis Sanitarium Chicago 111 
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With contrulateiTil procedures of lesser magnitude such as extrapleural pneu- 
nionolysis, with or Avithout plomhage. In the ensuing tivo decades, various 
authors throughout the world reported cases of bilateral thoracoplasty: Magri,« 
Finochietto,’ Coryllos and Ornsteiii,® Netto,® Roger and Lemieux,^® Meltzer,“ 
bamuel,'- Paulino and Loiireiro,'^ Seip,“ ICano,^® Lund,^® and Beaconsfield and 
co-workers. 


In 1950, reports of the use of cxti'apcriosteal plomhage procedures began to 

appear.’®.-• in 1953, Povah’® reported 4 patients in whom bilateral 

extiaperiosteal Lucite ball ploiiibage had been performed. In the same year. 
Woods and BuentC'® published a scries of 2S5 cases of extraperiosteal Lucite 
ball plomhage, 15 of which were bilateral. 


In 1952 and 1953, reports of bilateral resections for pulmonary tuberculosis 
began to appear in the literature, and the results have been, excellent. Shum- 
way, Lewis and their associates,* in 1954, and again in 1950,*’ reported a series 
of patients in Avhom simultaneous bilatex'al resections were successfully per¬ 
formed. Certainly the bi'illiant results reported from clinics throughout the 
world demonstrate that resection of significant residual tuberculous disease is 
the procedure of eiioice when this can he done adequately and with reasonable 
safety. 

At the Chicago IMunieipal Tuberculosis Sanitarium, during the .vears 1951 
through 1957, 46 patients have had bilateral thoraeoplast.v performed Avitli extra¬ 
periosteal paraffin plomhage and our experience Avith these patients is the basis 
of this report. During this 7-year period, a total of 760 extraperiosteal ploni- 
bage procedures has been perfoxTued. In the same period, 1,040 pulmonary 
resections Avere doixe, 54 of A\4iich Avei’o bilatoi’al. Our ratio of resection versxxs 
collapse has changed mai'kedly in this period, the present ratio being five to one 
in favor of resection. 


TECHNIQUE 

The technique of the plombagc operatioix has been reported elsewhere,*'’’ *’ 
axxd differs only in detail from that doixe ijx other clinics. Usually a short pos¬ 
terior portion of the thii’d or third and foxxi’th ribs is resected, and then a space 
created by sxxbperiosteal strippixxg of ribs 1 axxd 2 and also 5 and even 6, 7 or 8 
if neeessaiy, depending on the extent of the disease. The pai’affin is molded into 
this space loosely Avhile it is still Avai'in eixough to be malleable. No polyethylene 
bag or other plastic material has been used by us. There is a peculiar foreign 
body reaction to the paraffin that occurs iix a nxoderate percentage of patients. 
This consists of a softening of the outer surface of the paraffin pack and sub¬ 
sequent extinsion through a small defect in the “capsule” into the soft tissues 
of the chest Avail. This may occur at any interval from 6 months to several 
years, and usually necessitates removal of the pack. This removal is a simple 
procedure, rarely folloAved by any significant re-expansion of the underlying 
lung. In this series of 46 patients, 16 paraffin packs have been removed or 
17.4 per cent of the 92 packs inserted. 
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INDIC VTIONS 

In geneial, tiie indication foi suigtn was bilateial cavitary disease or ex- 
teiisue infiltiative disease persisting alter 6 months oi iiioie of adequate rest 
and antituberculous cbeiiiotlieiapy—usually a coiubmatioii of stieptoniycm, 
PAS, and INII Resection, of eouisc is the proceduie of choice, but in many 
patients tlieie ate at least lelatne contiaindications to leseetion and these make 
up the indications foi collapse In this gioup aie the lollowing (1) those pa¬ 
tients whose significant residual disease is so widely distiibuted as to make ade¬ 
quate lesectioii impossible, (2) patients who have persistent endobronchitis 
which fails to respond to tieatmeiit, (3) some patients whose sputum is still 
positive and whose oiganisnis have been deinonstiated oi assumed to be resistant 
to all available antibiotics, and (4) those patients whose physiologic age, im- 
paiied lespiratoiy leserve, oi pool geneial condition put them into the high-risk 
group as far as lesection is eoneeined AU the published reports on lesectional 
surgeiy have deinonstiated that the great peicentage of complications and 
deaths occurs in patients falling into one or moie of the above oategoiies 

The 46 patients ranged in age from 17 to 63 yeais, one half were undei 40 
and half ovei 40 Theie weie 29 men and 17 women, 29 weie white, 16 Negro, 
and 1 Oiieiital All but 3 were classified as far advanced, the others fitting the 
NTA classification of modeiately advanced All but one had bilateial ea\Ra¬ 
tion deinonstiated toeutgeuogiaphically All had been treated with varying 
eombiiidtions of aiititubeieulous agents—the eailiei patients in the series having 
had shoit teim inteiiuptcd couises as was the piactice at that tmie Thirty four 
had leceivod piieumoperitoiieum as pait of then medical tieatmeiit The pool 
response of these patients to tieatment is leflectcd in the duration of the treat¬ 
ment pi 101 to the surgery Only 8 patients weie opeiated upon less than one 
yeai aftei initiation ot medical treatment Thirty' five had fioni one to 2 years 
of tieatment, and 3 had inoie than 2 years Even after all this tieatment, 18 
patients had positive sputum pieoperatively Seventeen had tubeieulous endo 
bionchitis diagnosed bionchoscopically at some time during then medical treat 
inent In most of these, the bioiichial disease cleaied on subsequent examination 

COMPLIC ITIONS 

There was no mortality in any of these 46 patients (92 opeiations) The 
only eoinplications weie minoi and in no instance alteiod the patient’s surgical 
result 01 long lange prognosis In 5 operations, the parietal pleuia was inad- 
veitently tom Tins was handled by' needle or eathetei aspiration dining the 
closure Subsequent films showed no residual pneiunothorax or significant 
eftusion In 4 patients tlieic was sufficient collection of seious fluid around the 
paraffin pack to waiiant aspiration This was only a tiansient problem One 
patient developed a large heinatoina of the chest wall icqiining evacuation 
There was no iiistaiite of wound infection, spiead oi disease, atelectasis, oi even 
sigiiihe.mt dyspnea in any ot these patients 
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RESULTS 

Of tlie 40 patients, all but 3 lc‘ft the sanitariuni. One patient died 4 months 
postoperativcly of a brain tumor; his inilnionary disease wa.s controlled. An¬ 
other died in the .sanitarium IS months postoperativcly with cor pulmonale. 
Ills .sputum had been negative for one year before death. Tiie third patient 
remains in the sanitarium IS months po.stoperative, with his disea.se still active 
and the sputum positive. 

Thirty-five patients were given regular discharges, either witli ‘‘inactive’’ 
statu.s or “active improved, with good prognosi.s.’’ Of the.se 35 patients, one 
has died of her tubereulosis, 2 have died of nontuberculous causes, and one still 
has active disease although .sputum cultures are currently negative. Three pa¬ 
tients, wdtii persistent cavitation, were given “.Ma.Kimum Hospital Benefit” dis¬ 
charges. Patients discharged in his category .still liave active disease with or 
without cavitation and with or witliout positive sputum cultures. None is dis¬ 
charged with positive sputum concentrate.s. Tliey are either deemed unfit candi¬ 
dates tor iurther surgery or luive refiused recommendation for rcoperation. 
Two of tliese 3 jiatients have since died of their tuberculous disease, and one 
is alive, but still has active disea.se. Tiie remaining 5 patients liad irregular dis¬ 
charges, i.e., they loft against advice. Of these 5 patients, 2 are well (inactive) 
and working, one has active disease, and 2 have been lost to follow-up. One 
patient liad a subseijuent pulmonary resection after the bilateral plombage. 
She is well today. The miniiuum follow-up period of this group is one year, 
and 40 (87 per cent) have been followed more than 2 yeans. 

Tlie pre.sent status of all the patients, with a. follow-up of one to 7 years is 
as follow'S: 32 (70 per cent) are alive, ‘‘inactive” and working; 1 (2.1 per 
cent) is alive and “inactive” but is phy.sically unable to work due to progressive 
emphysema with cor pidmonalo; 4 (S.fi per cent) are living with active disease 
(1 is still in the .sanitarium); 3 (fi.4 per cent) liave died of tuberculosis; 4 (S.6 
per cent) have died of nontuberculous causes, but their tubereulosis was ar¬ 
rested; tind 2 (4.3 per cent) are lost to follow-u]). 

If those patients who died of causes other than tuberculosis are considered 
as good surgical results, then 84 per cent of all patients followed up had suc¬ 
cessful results and 16 per cent were surgical failures. No detailed case histories 
are presented but representative roentgenograms of 2 patients are shown to 
illustrate the collapse obtained (Figs. 1 and 2). 

Preoperative pulmonary function studies were performed on all but the 
earliest patients in this scries. These studies were repeated between operation 
and about 2 montlis after the second operation. Several potential candidates 
for bilateral surgery were eliminated from surgical consideration because of 
inadeciuate I’espiratorj^ reserve. In only one of the 46 patients in tins senes 
was the preoperative maxunuin breathing capacity less tlian 50 per cent of that 
predicted. Tlie loss of ventilatory function varied greatly following each ploni- 
bage procedui'e. The average lo.ss of maximum breatliing capacity ^vas 8 L. 
per minute, but this fignre varied from a loss of 30 L. to an actual gain of 6 L. 
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Fiff 1 —A B "W a 11 ^ear oil Nesio man with posjti\c sputum Vdmis><5lon film 
of April 30 1953 

B Preoperative Aim of Juno 10 19o4 followinf; 14 montlis of cl emollu,rap> and J 

months of pneumoperitoneum Bilateral cuity persists and the sputum was pcrslstcntlj 
positive 

C 1 ollow up film of Vug- 1 19aS 4 months after llscharKC as inactive The piticnt 
is well and working full time at pitsent. L.eft plonibogc done on June 10 11^4 right (^cC 
7 1954 
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Admission fllin of 


Pig-. 2 .—Aj A 54-yeai-oId white male alcoholic with positive sputum. 

Oct 14, 1953. 

Bj Preoperative film of March 29, 1955, following 15 months of chemotheiapy ancl i- 
months of pneumoperitoneum Sputum negative. 

C, Follow-up nim of Oct. 11. 1957, 15 months after dischaige as "inactive” Patient is 
well and woiking* full time at present I^eft plombas’e done on JVIaich 30, IJoo, rigni, j' 
25, 1955. 
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pel minute No patient became a “lespiratoiy cripple” as a lesiilt of tlie 
bilateial collapse but, as noted above, one patient died 18 months postopeiatively 
of piogressive coi pulmonale and anotliei with inactive disease is in chionic 
light heait tailuie 5 ycais aftei suigui The majontj of the patients have 
no dyspnea even on eonsideiable exertion 


DISCUSSION 

Ill the swing to leseetion in recent n ns some centeis have abandoned all 
other foims of siiigeiv but resection Thus a patient thought unfit for pul 
nionaiy lesectioii is lelegated to the group ot unsalvageable “chiomcs ” It 
seems paiadoxical that now we try to fit all patn nts into the mold of resectional 
suigeiy lather than to tailor oui suigieal piocediiies to fit the patient’s needs 

AVo feel that the lesults obtained in this group of patients, who can truly 
bo called "salvage” eases, are highly satisfactoij Ceitainly many of the pa 
ticnts would still be in the sanitaiium as a burden to the communitj lather than 
occupying the useful place in society that they now fill 

suMinusy 

1 A series of 46 patients who have luideigone bilateial thoiacoplastj with 
paraffin plombage is picsentcd 

2 The indications foi collapse \crsus lesection aie discussed 

3 Mortality was zero, and no majoi complications weie encounteied 

4 Of all patients followed, 84 pei cent had successtiil results and 16 per 
cent wcic suigieal failures 

5 Thirty two (70 per cent) of the cntiie gioiip of these “salvage” pa 
tieiits aie now well and woikiiig full time, with a mimniiiin followup of one 
veai, and in a iiiajoiity a follow up ot 2 jeais oi nioie 
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THE PRESENT STATUS OF PULMONARY RESECTION 

mTH^TREATMENT OF TUBERCULOSIS 

josiah Fuller, M.D.,* Duluth, Mi»u. 


edical literature' ” contains ni.iin revicn- in support of the thesis 

R ecknt ni ^^oji^^rv resection eombiuea >ulh appro].nate antibiotic therapy 
• t ■ >id effective method of trcati.ua pulmonary tuberculosis. Neverthe- 
most sanatoriums in this area are , sperieneing a m.t.eeable decline in the 
umAer of resections done. In an eff.ut to consider some of the i-easons for 
r -1 review was made of 131 patients who had pulmonary resection in the 
"at. ent of their tuberculosis. This lepresents all ot the patients for whom 
u iiuthor performed a pulmonary lescetion for tuhermdosis from January, 
1^3 to June. 195G. These opera.,mis were done at Vpaming Sanatonuin, 
Wn L lIinne,sota, and Middle finer Sanatorium, Han home, AMsconsui. 

‘ Tbo'average age of these patients was 37 and the aees ranged from 8 to 
iuo a\eia,c o oaficuts were over 4i» real's old, Siventy- 

60 years. Fort} -foui pci t Fourteen per rent of the oases were 

five ot the 134 patients weio “'* ( moderate!,, advanced, and 42 per 

classified as minimal tubereule is, 44 per 

cent far advanced. jaiorni to have had their tiibercu- 

Thivty-five per cent of ' ),a,i Jiafi their tuherculo.sis 

losis for lcs.s than one year m J active tuberculosis for 33 yeai-s. Forty 
for over 5 years. One pat, nt la prorioiis un 3 uceesi.ful 

per cent ot the patients 1 ,d lelapse thi,se jiatients received what 

attempts at treating tin ii tmiereu „.oa(meui, toiisisting of a combination 
might be called the mod, rii anb para-amintR.ab'eyh'c acid with strepto- 
of drugs, whicli in mo^' cases me ^ patients received anrihiotie 

myein or Lsoniazid. ti' and 65 per cent for 4 to 12 months 


therapy for 4 to 12 iinuiths Jiieep' 
postoperatively. 

An effort was m 


• f the indications for n-seetion in each case 
de to di'h’i" individiLii patient, a decision for 

by I’eviewiiig the saimtoi’ina' * ^ niaiiy subtle factors, such as tae ri>..v of 
pulmonary resection is inH"'’"'^' „;j| it is thought he will ta.he care of hini^lf 
surgery, Ids social Iiahits, aij' ' firuils. However, 
and cooperate with tlie fa ju Table I. 

tor resection ui each case , yruJiau i!«i.eii 

- ,1 . .Ml'"" , ISS« 

Presented in part to 1' puluth i-— 
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resections were performed on tliesc 134 patients. In 77 per cent of the cases, 
immediately before resection, sputum and gastric aspirations were negative for 
tuberculosis on culture or guinea pig iimenlation. The indications for resection 
in tliese patients were residual nod\ilar disease in 71 eases, x-ray evidence of 
cavity in 26 cases, and bronchial disease, which was usually bronchiectasis, in 
7 cases, and in one ease the resection was done to rule out malignancy. Sixteen 
per cent of the resections were done for a cavity with positive sijutum and 8 
per cent were done for persistently positive sputum without x-ray evidence of 
cavity. 


Tablk I 

iNiaCATrOSS roi*. RkSKCTION in* rimMONAIlY Tuiieucui,osis 



j 141 BESECTIO.VS 

.N’lniBEU 

1 PERCENTAGE 

Nodular re.sidual di.sease 

71 

53 

(’;tvity negative 

at) 

18 

Cavity positive 

au 

16 

Positive without cavity 

11 

8 

iiroufliial disea.so 

7 

5 

Rule out nialigaancy 

1 

<1 


In 52 per cent of these J4l oiierations, a segmental resection was done, 
and in 19 per cent only a subsegment was removed, A lobectomy was done in 
24 per cent of the cases and in only 7 patients was a pneumonectomy necessary. 
Five patients had bilateral resections performed. In 38 patients, all gross dis¬ 
ease was removed as determined by palpation on the operated side, and by 
x-ray studies on the unoperated side. 

The resected specimens were all dis.sected immediately, eitlier by the 
pathologist or by the surgeon, and cultures taken from appropriate areas in all 
but one specimen. The lesions the pathologist felt were most significant in 
each specimen are classified in Table 11, Any specimen in which there was 
demonstrated bronchial communication with a circumscribed mass of caseous 
material, and in which the bronchus was obstructed by the inspissated caseous 
material, was cla.ssified as a '‘filled cavity.” This explains the 50 j)er cent 
incidence of cavity in this series. Actually, many of these wei'C called nodulai 
residual” in x-ray interpretations. The 47 caseous nodules were parenchymal 
nodules without bronchial communication. The 18 eases called bronchial disease 
were either bronchiectasis or bronchostenosis. The four specimens in which 
fibrosis only Avas found could Avell be called healed tuberculosis, since tubercle 
bacilli Avere not demonstrated in any of them. 


Table II 

Pathology op Resected Specimens in Pulmonary Tuberculosis 


nujiber 


Cavity- 

Caseous nodules 
Bronchial disease 
Fibrosis 

Tuberculous pneumonitis 


71 

47 

18 

4 

1 


141 SPECIMENS __ 

i PERCENTAGE 

~ 50 

33 
13 
3 
1 
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Moie inipoitant than the anatomic desciiption of the leseeted specimen 
aie the lesults of bacteiiologie examinations In 45 per cent of the 140 speci¬ 
mens so studied, aeid fast haeilli iveie dcmonstiated by stain only In an addi¬ 
tional 39 per cent, the baeteiia grew on cultuie oi guinea pig mooiihition 
This leaves 23 patients nhose speeinnns did not dcmonstiate acid fast bacilli 
by our methods It is inteiesting tbit 7 of these patients had liad positiie 
pulmonaiy secietions immediateh betou suigeij, and 6 of tlio 7 liaie been 
negative since their leseotion One iiondiis it moio of these specimeiis might 
have been positive baeteiiologically if i itlu i than taking selectue aieas foi 
cultuie, lie gioiind up the entire specimen iiid studied the sediment 

Tliese patients iieie followed by \ laj stii lies and by bacteiiologie testing, 
including sputum and gastiie cultuies, until it ins tclt sufficient stability had 
been demonstiated In many cases, this peiiod ot obseivation extended otei 
2 yeais After this, the patients weie tolloived b\ lepeated x lat obseivation 
Tliiitysix pel cent of them weie follovved foi ovci 3 jeais and 67 pei cent foi 
over 2 yeais Only 6 per cent of the patients weie followed foi less than one 
year 

The lesults of pulmonary lesection m these eases aie depicted in Table III 
The early mortality was in an obese 54 vear o'd Indian woman with fai- 
advanced bilateial tubeieulosis A despeiate attempt was made to lesect a 
cavity duiing one of her repeated episodes ot hemoptvsis Altlioiigh it ap 
peaied as though the immediate icsnlts wcie successful, she died 5 days post 
opeiatively of a massive pulnionaij embolus 


Table III 

Results of Resection Iiiekapv for Pulviosabv Tubekoulosis 



1 134 evSES 

i NUMBER 

1 PERCENTVGE 

Inactxvo 

123 

92 

Eaily mortnlitj 

1 

1 

Failure 

10 

7 

Late mortality 

6 

4 

Morbidity 

13 

10 


The late deatlis weie all iinielatcd to tubeieulosis and occuiied 2 months 
to ovei 3 yeais aftei dismissal fiom the sinatoiium They include such causes 
as auto accident, diabetic acidosis, alcoholism, pneumoiin, eoioiiaiv insufficiency, 
and caieinoma of the kidney All ot these patients weie inactive at the time 
of death and aie so classified in Tabic III 

Thiiteen patients, oi 10 pei cent, had a significant amount of moibidity 
associated with then siiigeiv In 12 instances, this was duo to peisisteiit an 
leak or pneuiiiothoi ax space problems These all responded to appiopiiate coi- 
rectivo suigery 

One hundied and twciitv thicc patients, oi 92 pel cent, have been inactive 
since their resection and an additional 6 patients aie inactive altei subscfiuent 
treatment, which leaves only 4 ticatment lailuies This method ot tieatmcut, 
then, eventually coiiveited 97 per cent of these 134 patients to the inactive 
status 
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UISCUSSIOX 

Tn spite of those satistaetoiy msiilts’, tlierc were only 6 pulmonary r-esec- 
tions for tubercalo.si.s done in these two institutions in 1957. A study of the 
lea.sons tor tliLs cliange will lend some light on the present status of resection 
tlieiapy in tlie treatment of pulmonary tuberculosis. The average sanatorium 
population in these two institutions has dropiied from 226 in 1954 to 183 in 
19.5/. Also, this [lopulation has become older and therefore a poorer risk for 
pulmonary resoetion. In Xovemher, 1954, 35 per cent of the patients were 
over 00 years old, while in Xovember, 1957, 61 per cent were over 60. 

IVhen the reseetion program began in tliese in.stitutions, there was a back¬ 
log of patients with elironie pulmonary tuberculosis from the pre-antibiotic 
era, ivho had been unsuccessfidly treated by other methods such as bed rest, 
pneumothorax, imeumofieritoneum, or tlioracojdasty. Today, the proper use 
of antibiotics, particularly isoniazid, is clearing the acute ca.ses so that many 
patients are no longer left with a residual process to be resected. As experi¬ 
ence accunndates with tlie.se ilrugs, phthisiologists arc becoming more confident 
in their ability to prevent a relapse from residual areas of disease. 

Today, the indications for pulmonary reseetion, after a i)criod of antibiotic 
therapy, might lie staled as follows: (1) persistently positive pulmonary secre¬ 
tions in the presence of localized disea.se; (2) x-ray evidence of an open cavity 
whether or not the pulmonary secretions have become negative on antibiotic 
therapy; (3) whenever there is doubt about the diagnosis of a indmonary mass; 
and (4) significant residual nodular disea.se. Today this area of jiodular dis- 
ea.se must be larger, certainly greater than 2 cm. and more solid than it was a 
few years ago, to be considered an indication for pulmonary resection. If the 
nodule has appeared in a spot where tlicre has Iieen a previous cavity, a resec¬ 
tion is more apt to be considered necessary to ])revent a recurrence of active 
disease. A resection done in the presence of negative pulmonary secretions cer¬ 
tainly must be considered pi'ojihylactie sj\rgery and the time may come when 
the effectivene.ss of antibiotic therapy is .such that the prophylactic resections 
mentioned aljove are no longer nece.s.sary. 


SUMMAKV 

One hundred and thirtj'-four patients arc x)resentcd who had pulmonary 
resection in the treatment of tuberculosis from January, 1953, to June, 1956. 
The surgical mortality rate was less than L per cent. The morbidity rate was 
10 per cent, and 97 per cent of the jjatients were eventually converted to an 
inactive status. Only six ijulmonary resections for tuberculosis were done in 
the same two institutions in 1957. The reasons for the marked deeiease in 
surgery arc decreasing number and increasing age of patients with tubeiculosis 
in this area, and the effectiveness of the antitubcrculosis drugs in the treatment 
of new cases of tuberculosis. 

After appropriate antibiotic therapy, present indications for pulmonaiy 
resection in the treatment of tuberculosis ai-c as follows: (1) localized disease 
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^\ith i)ei‘sibtentl 3 ''positne puliuoiiai^ studious, (2) open ca\i (3 , (7) signilie mt 
xesitlual nodular disease, and (4) undn^xnostd piilnionaiy mass 

I to til ink Dr R W Backus, Su| f nt nt and Altdital Diiccloi of Xnp*ninij^ 

Sanatorium, md Dr S T *^uidell, Fornin ( tint at uul Mcdn.iI Diuitoi ot Middle 
Bucr Sariitonum, tor tlicir ibsistancc m obta ,, fl information on tktso pituiit'^ 
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In spite ol tiiese satist'acloTy vesviUs, there were only 6 pnlmonaiy resec¬ 
tions lor tuberculosis clone in the.se two institutions in 1957. A study of the 
teasons for this eliange will lend some light on the present .status of re.seclion 
theuipj'' in the treatment of pulmonary tuhei'culosis. Tlie average sanatorium 
population in these two institutions has droiiped from 226 in 1954 to 183 in 
195/. Also, this population has iiecome older and therefore a poorer ri.sk for 
pulmonary resection. Tu November, 19.54, 35 per cent of the patients jvere 
over 60 years old, while in November, 1957. 61 per cent were over 60. 

AMien the resection program began in these institutions, there was a back- 
log of patients with chronic pulmonary tuberculosis from the pre-antibiotic 
era, who liad been unsucce.ssfully treated by other methods such as bed I’cst, 
pneumothorax, pneumoperitoneum, or thoracoplasty. Today, the proper u.se 
of antibiotics, particularly isoniazid, is clearing the acute ca.ses .so that many 
patients are no longer l<*ft with a residual [/roce.ss to be resected. As experi¬ 
ence accumulates with these drug.s, phthisiologists are becoming more confident 
in their ability to prevent a relai)se from residual areas of disease. 


Today, the indications for pulmonary re.section, after a period of antibiotic 
therapy, might be stated as follows: (1) persistently positive pulmonary secre¬ 
tions in the presence of localized di.sea.se; (2) .x-ray evidence of an open cavity 
w'hether or not the pulmonary secretions have become negative on antibiotic 
therapy; (3) wlicnever there is doubt about the diagnosis of a i)ulmonary ma-ss; 
and (4) significant residual nodular disea.se. Today tin’s area of nodular dis¬ 
ease must bo larger, certainly greater than 2 em, and more solid than it was a 
few j’ears ago, to be considered an indication for pulmonary resection. If the 
nodule has appeared in a spot where there lias been a previous cavity, a resec¬ 
tion is more apt to be considered neee.s.sary to prevent a recurrence of active 
disease. A resection done in the ijresence of negative pulmonary secretions cer¬ 
tainly must be considered prophylactic surgery and the time may come when 
the effectiveness of antibiotic ther/ipy is sucli that tlic prophylactic re.sections 
mentioned above are no longer nece.ssai-y. 


sujni-VRV 

One hundred and thirty-four patients arc presented who liad pulmonaiy 
resection in the treatment of tuberculosis from January, 1953, to June, 1956. 
The surgical mortality rate was less than 1 per cent. The morbidity rate Avas 
10 per cent, and 97 per cent of the iiatiouts were eventually converted to an 
inactive status. Only six pulmonary resections for tuberculosis Avere done in 
the same tAVO institutions in 1957. Tlie reasons for the marked decrease in 
surgery are decreasing number and increasing age of patients Avith tubeiculosis 
in this area, and the effectiveness of tlie autitiiliereulosis drugs in the treatment 
of ncAV cases of tuberculosis. 

After appropriate antibiotic therapy, present indications for pulmoiiaij 
resection in the treatment of tuberculosis are as MIoavs: (1) localized disease 
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With poisibteiitly positive pulmonaiv stcictions, (2) open cavitv , (3) significant 
residual nodular disease, and (d) undiagnosed piiliiionai\ mass 

I ^\lsU to tluiik Dr R W B'lckua, Sup imtemleiit and iledical Director of Nojjemin^j 
Sanatorium, lud Dr S T Sandell, Pormer supt luittndont and Medical Director of Middle 
liner Sanatorium, for their aasistaiiec m obtuiunj the mforniatioii on these paticnta 
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SEGMENTAL PULMONARY RESECTION WITH 
INITIAL PERIPHERAL DISSECTION 

fo/jn D. Steele, M.D., San Fernando, Calif. 


M ost authors,^'® in describing the technique of segmental pulmonary re¬ 
section, advocate starting the dissection by isolating the segmental bronchus 
and artery; they then develop the interlobar plane as the dissection proceeds 
peripherally, ligating the branches of the interlobar vein as encountered. 

Only Chamberlain and Ryan® mention the possibility of using occasionally 
an “outside-in” technique for cj’.sts, atelectatic segments, and chronic lung 
abscesses. 

Several years ago, we started performing subsegmental resections for 
isolated pulmonary nodules using an anatomic dissection rather than the clamp 
(“wedge”) technique. The ease with which anatomic subsegmental planes could 
be developed so impressed us that we decided to extend this type of resection to 
entire segments. 

Wo now use initial peri])heral di.s.section in the great majority of our seg¬ 
mental resections, and believe it has the following advantages: 

1. When a segment is distorted bj’ disea.se, hilar dissection may be con¬ 
fusing and there is danger of compromising the bronchial and arterial supply to 
neighboring undiseased segments. When dissection is started at the periphery, 
only the portion of the lung containing the disease is resected accurately. Often 
it may not be apparent until the completion of the dissection as to just what 
anatomic division of the lobe has been resected. In some instances, the disease 
will involve only a large subsegment whereas in others it will be found that an 
entire segment, together with an involved adjacent subsegment of a distended 
neighboring .segiiient, has been re.sectcd. In either case, the correct amount of 
lung, and no more, will have been resected. 

2. Recent precise anatomic studies have demonstrated that there may be 
considei’able crossing of intersegmental lines by arteries, veins, and segmental 
bi’onehi and that anatomic hazards must be clearly understood if accurate seg¬ 
mental resections are to be performed." Such variations in arterial and 
bronchial patterns may be difficult to recognize in initial hilar dissection, but are 
usually easily recognized when the intersegmental plane is developed from the 
periphery. 

3. When using peripheral dissection, it is possible to leave stumps of the 
arterial branches approximately 1 cm, in length, and it is usually not necessary 

From the Veterans Administration Hospital, San Fernando, Calif., and from the Depart 
ment of Surgery, University of California, Dos Angeles, Calif. 

Keceived for publication Nov. 17, 1958. 
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to expose the main stem artery. The stumps so remaining can be clamped 
safely if bleeding should occur. In hilar dissection, a tear of a segmental 
artery at, or close to, the main stem arteiy can be dangerous and difficult to 
control. The longer stumps are also an advantage when lymph nodes are ad- 
lierent to the hilar structures. 

4. Because of the above advantages of peripheral dissection, we feel that 
a safe, accui’ate segmental resection can be performed by a surgeon who has had 
less experience with the operation than is the case when liilar dissection is 
employed. 

TEOftNIQUB 

After interpleural adliesions have been divided, and it has been decided 
that a segmental resection is to be performed, dissection is started by maldng 
an incision through the visceral pleura into an interlobular plane with the lung 
well inflated (Fig. 1, «). It is usually advisable to leave one lobule between the 
area of disease and the line of ineision. The lobules are, of course, character¬ 
istically outlined by carbon pigment deposited in the interlobular lymphatics. 

Often, by the repeated application of varying degrees of positive pressure 
through the intratracheal tube, the location of the intei-segmental plane will be¬ 
come apparent due to a lag in the filling of the periphery of the involved seg¬ 
ment. It is ad^'isable to mark the line of demarcation by a series of small inter¬ 
lobular ineisions with the scissors so that dissection can be attempted in these 
areas even after the lung is completely inflated and the demarcation lino is no 
longer apparent. 

After the initial ineision has been made, further limited dissection is carried 
out by blunt dissection using scissors (Pig. 1, i>). If a well-developed, un¬ 
diseased intei-segmental plane has been entered, dissection wll proceed with 
ease. If the proper plane has not been entered or, if the disease extends across 
the intei’segmental plane, dissection should be abandoned at this point and at¬ 
tempted in another area. 

"When blunt instrument dissection has proceeded satisfactorily for a few 
centimeters, further dissection is carried out with the finger (Fig. 1, c). The 
sense of touch will aid in determining whether the intersegmental plane has 
been entered. If so, dissection will proceed with very little resistance. If there 
is appreciable resistance, dissection should be started again at another point as 
noted above. 

Of course, the only intersegmental stimctures which are normally en¬ 
countered during such peripheral dissection are branches of the intersegmental 
vein (Fig. 1, b) These are ligated on both sides and divided. As the dissec¬ 
tion proceeds, the intersegmental vein usually is visualized and can be prosei-ved, 
leaving it attached to the adjacent segment. 

As dissection proceeds toward the lulum of the segment, the branches of 
the segmental arteries and bronchi come into view. These branches can be fol¬ 
lowed to within approximately 1 cm. of the hilum of the segment, and divided 
between ligatures at this point (Pig. 1, d). 




I'Mff. 1.—«, Start of resection of apical-posterior seg’inent of left lung’. Incision is made 
witli the scissors tlirougli the visceral pleura into an interlobular plane. 

1), Further disisection is carried out by blunt dissection with scissors. Branches of the 
intersegmentiil vein can be seen crossing the intersegniental plane. 

c, Final identiflcation and further dissection in intersegniental plane using finger. 
dj Dissection of branches of segmental bronchus and artery close to hilum of the apical- 
posterior segment on left. The instrument has been passed under a branch of the artery. 

e. The stumps of tlie brandies of the segmental bronchus and segmental arteries which 
have been ligated approximately 1 cm. distal to the surface of the pulmonary artery. 
Branches of the intersegmental vein are seen on the intersegniental surface of the adjacent 
anterior segment. 
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It IS not, ne(.esscU\ to dissect thioiiok the entile iiiteisegmental plane boioio 
stalling to clnielo tlio aitones and bioinlii Aetnallj, siibseeinent dissection evill 
bo lac'ilitatoel il only a poition ot the inleisegmcntal plane is deeeloped fust— 
emnigh to alloii elnision ol at least one in an bianeli ot the sogincntal aiteie and 
bionchns Dissection ot a small, final pin lion ot the inteiseginental plane ean 
lie postponed until all blanches ot the iiuie and bioiielius base been duided 
The stump contaiiiiiig the ligated hiiinhes of the segincntal ai-toij (oi 
aitoiies) and the Inoneliial stumps, is shonn in 1 ig 1, c 

Soiiietnnes, aitei tull inflation ot the in i lining lung, a lobule oi two on the 
laei suiiaee ot the adjacent segment will ajpeai to be iinaeiated, oi to hang 
tiee It IS adeisablc to leseet such lobules, alti i ligating the pedicle 

We ha\e peitoimed at least 200 segnienfal iisietions using this teeliiinine, 
in tact, e\e use it toi the gicat ma|oiit\ ol oui si ainental lesections Oeeasion 
alh, n hen the peiipheial poition ot the mteiscgmental plane cannot bo identihod 
accuiatch, \eo lesoit to initial hilai dissection Tins has occuiied moie fie 
quently Mith the siipenoi segments of the lowci lobes than with aiij othei 
segniontb 

SUiniMlY 

A method ot dissection is dcseiibcd toi segmental pulinonaii leseition, 
staiting at the peiiphciy ot the segment, ligating icssels and bionchi as they 
aie eiicoimteicd Tins method is iiioie acciuatc than initial hilar dissection in 
segments distoitoel by disease, and wbcie tlieie aie anomalies in arteiial and 
bioneliial patterns Opeiatne accidents aic less likelj to ocoui yitli poiipbeial 
dissection than evlicn imtial hilar dissection is employed 0\er 200 segmental 
pulinonaij lescetioiis liaie been peifoiiiicd satistactoiily yitli initial peuplieial 
dissection 
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BRONCHOTRACHEAL ANASTOMOSIS 
A Follow-Up of 9 Cases on the Left Side and 7 on the Right 
Vikin^r Olov Bjork, M.D,* Uppsala, Sweden 


Tx CASES oi i)uli»ioiiary tuberculosis willi nuiiu bronchus stenosis every effort 
is nuide to avoid a total pneuinoncctoiny. It‘ a part of the lung is healthy 
with a normal bronchus, this bronchus can be anastomosed end-to-side to the 
trachea after resection of the diseased portion of the lung, together with the 
stenosed inai/i bronchus. 'J'lio rcnt;iining p;irt of the lung can then function 
normally, and there is very little risk that stricture will occur at the anas¬ 
tomosis, Direct anastomosis has been [)referrod to the skin grafting pro¬ 
cedure devised by Clebaucr. The ilangcr of suturing a skin graft, reinforced 
with stainless steel or silver wire, into the side of a main bronchus, nari’owed 
by an oUl tuberculous infection, is obvious. 'I’he metal thread inay erode 
through the skin, nece.ssitating its removal followed by .secondary stricture 
and bronchiectasis. These objections make direct anastomosis preferable. 
The oljjoct of this i)aper is to give our experiences in J(1 eases followed I to 
5 years. 


Eleven women and 4 men underwent bronchotrachcal anastomosis for 
pulmonary tuberculosis (Tables i and II). The oldest i)atient was 58 years 
old, the youngest 20. A -IS-year-old man umlerwcnt bronchotracheal anas¬ 
tomosis after resection for cancer. 


INDICATIONS 

In JO cases, the diameter of the stenoseil main bronchus was only 3 to 4 
mm. and in the remaining cases slightly more. The widest stricture resectec 
was 5 to G mm. Only the left main bronchus was left in this instance, t ie 
upper lobe with its completely stenosed bronchus having been removec a 
another hospital. A year later it was neccssaiy to resect the main bioncuis 
and perform an anastomosis which woukl have been technically muc i easiei 
at the first operation, together with the lobectomy. I, therefoie, coiisic ei 
that the main bronchus .should be resected if it is narrowed down to mm. 
in diameter. Complications may be expected if the resection is caiiiec on 
l)eripheral to a main bronchus stenosis. 

Tlii.s work wa.s aidoO by The Swedish National Association Against Tubeic 

Keceived for iniblication Oct. 17, 1958. . , ion 

»Cldof: Tlioracic Surgical Service, University Clinic, Upiisala. Sweden. 

800 



\oluii e 37 
Number 6 


BRONGHOTRACHE VL ANASTOMOSIS 


SOI 


Table I Result o> Pulmonary Resection With BRONCHOTRAcuEAr Anastomosis for 
Pulmonary Tuberculosis on the Right Side 






FUNCTION OF RIGHT 
PER CENT OF TOTAL 

LUNG IN 
FUNCTION 

CASE 

1 OPERVIION PERFQPMED 

CBSFR 

\ATI N 
(XfcVl si 

CONDITION 
Oi VN vs 
roMosis 

OVYGEN 1 
UPTAKE , 

VENTI 
I^VTION 1 

\1TVL 

eVPAC 

ITV 

1 33 year 
old 

worn m 

Resection of right upper lobe 
+ right mam bronchus + 
anastomosis of right inter 
mediate bronchus to trachea 
+ extra picuial plonibage 

3 

Good, 
open for 
0 mm 




2 52 ) ear 
old 

w omau 

Ri section of right uppci loin 
+ wedge right lowei lobe + 
(kcortication + uiastomosis 
ot intermediate bronchus to 
triclua + ostcopl istu tho 
r Ropl ist) 

1 

(oil 

[ell for 

1 mu 




1 40 year 
old 

worn m 

Resettiou right upper lobe + 
iiustomosis of intermediate 
bronchus to traeliej. + extir 
p ition of pent irdial cyst 

2 

Good 

wide 

open 

30 

43 

4j 

4 42 year 
old 

III in 

I Resection right upper lobe + 
unstomosis of iiitoi mediate 
bionchus to tricUui 

1 mo 

'Stenosis 





11 Resection of site of an is 
toniusis with new broiuho 
ti ichc U an istornosw 3 
months 1 iter 

1 Good, 

wide 
open 

30 

13 

40 


oS jear Rcsei.tiou right upper lobe + 
old bupenor segment right louci 

^^ollnn lobe + -in 1 *^ 10111031 *^ of inter 
mednte bronchus to traoliei 


Good, 
\Mdo 
open 


40 43 45 


u 32 i car Kesectioa of right lower ^iid 
old middle lobes+ nnm bioiuliUH 

Moinui + an istomosis of nglit uppi i 
lobe bronchus to ti itlua 
under an old 11 rib thorieo 
plastj performed in 3 singes 
5 jears earlier, see Figs 
1, 1 G 


7 54 year 
old 

uoinau 


Resection right Ioi\cr and 
middle lolxs + mam bnm 
chus + an istoniosis of right 
upper lobe bronchus to 
trachea 


4 Good, 
wide 
open 


Good, 
wide 
open 


35 17 35 


TI ( HVIQUr 

The opotdtioii can be pci £oi med m the lalei il positiou, but I picfci to 
have the patient face down A Cailens’ tube will eonsideiably facilitate 
opeiations on the light side On the left side the anastomosis ls iisuallj pei- 
foimed on the open bionchus ivith mleimitteiit oceliision oi iiitli the aid ot 
Green’s tube Oocisioiially a super Satinsky clamp has been applied to the side 
of the tiaclica A wide mobili/ation of the tiaelica, the bioiielius, and the aileij 
and vein of the icmaining lung is advisable in older to peifoim the anastomosis 
iMth as little tension as possible The pulinonai> ligament should he diiidid 
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IvKSUI.T OK LkIT-SiDKI) BllON'CllOTUACirKAO AN 


ASTOMOSIS 


CASK 

ui*j:i!ATio.n* i*i:j:K()i;.MKi> 

OllSEUVA- 

TIOX 

(VKAiaS) 

COXWTIOX OK 
A.VA.STO^^OSI.S 

.S. a:2-yi':ir-ol(l 
wonmu 

Re.''eetion left upper lobe k main broii- 
eliiKS f ana.stomo.si.s of left lower lobe 
bronehu.s to traeliea after mobili/.ation 
of tiu! aorta + o.steopla.stie thora<‘ 0 - 
pla.‘,ty 

-1 

Good; open for 7 mm. 
in diameter 

9. 

man 

Re.'-ectiou left uppi'r lobt; r main bron- 
ehus + ana.stomo.si.'i of left lower lolie 
to traeliea after mobili/ation of aorta 

I'/e 

Stenosis; ateleetasis of 
lung behind stenosis; 
died from hemopt.vsis 

lo. 20'ywir-ohl 
man • 

K’e.'^eetion left njijier lobe + main bron- 
elieii.s + anastoimwis of left lower lobe 
to traeliea 

I'/j 

Good, wide ojien; ba.sal 
segments normal; 
bronehieetasis of su¬ 
perior segment 

1!. 

man 

]{e.-<eetion left njiper loin* + main bron- 
eliim ( ana.stomosis of left lower lobe 
to main bronelin.s, 1 em. below tlie 
earina 

I'/e 

Good; wide open 

12. 30-yt‘ar-()l(l 

lUiUl 

Re.-'Oetion left main broneliiis r anas- 
tomo.sis of lower lobe to traehea. 
After mobili/ation of the jiorin, there 
was a very jironouneetl tension on th(> 
suture line; left upper lobe had been 
rmnoved one year earlier 


Good; wide open 

l.‘i. 2o'\var-oI(l 

Ke.seetion left upper l(d)e -k main bron- 
eliii.s + niinstoinosis of left lower lobe 
to main bronehus, 2 em. below earina 

3 

Good; wide ojien 

M. .'iS-year-olil 
woman 

Ib'.'i'etion left upper lobe i left main 
bronehus + anastomosis of left lower 
lobe bronehus to traehea after mobili¬ 
zation of the aorta 

;> (looil; wide open an¬ 

astomosis ; bronehog- 
laphy .sliows nar¬ 
rowing of superior 
.segmental bronehus; 
basal segments nor¬ 
mal 

lu. 28-yt*ar-olil 
man 

Ueseetiou left upper lobe + superior seg¬ 
ment left lower lobe + main bronehus 
-K anastomosis of ba.sal segmental 
bronehus to main bronelin.s, 2 em. 
below earina ^ osteoplastic thoraeo- 
plasty 

;j Stenosis, open for -t to 

5 mm.; good aica¬ 
tion of lung behind 
stenosis 

1C. IS-ycar-old Rnsootioii riglit lung K .'1 loan- 

man trachea + 2 eiii. left main brouelius + 

ana.stomosis of left main hronehus to 
traclie.'i, eml-to-eiul 

I Strieture; died (See 

Pigs. 2 and 3) 


Fine (3-0) chromic catgut on atraumatic iiccclics as suture iiiateiial is 
essential for a successful result. "When silk was used in the beginning, it was 
necessary to remove the sutiires by bronchoscopy as they caused sutuie gianu 
lomas which obstructed the lumen. 


It is not necessary to cover the anastomosis by a pleiual flap. It is 
usually found to be airtight immediately and will be covered by lung aiu^ 
mediastinal tissue. A pedieled pleural flap around the anastomosis may cause 


stricture. 
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It is umiecessary to perfoi-m a tiiiclieostoiiij' iminediately after .surgery. 
.Most patients are able to rai.se spiiluia effectively. Only in i patients lias a 
tracheostomy been performed; in Case 4, in wliicli prolonged anoxia during 
anesthesia caused nneon.seion.sncs.s tm I,I hour.s, and in the patient with 
cancer, Case IC. 





l-’ijr I Aftci ihvi&ion of the upper 1 to 5 pairs of intercostal arlfiio**. tlu' aoit.i i.s 

niobiiizod foiwaid an<I the anastomosis }>oi forinod behlinl the .loita. This u.is doin* in 1 
cases (From J Tiioiucic Suno .10; lat, 19’i5.) 


Eronehosoopy has been performed routinely at intervals postoperatively. 
In eases in which catgnt was used as suture material only an occasional granu¬ 
loma has been removed. 

Mobilization of the aorta was performed 4 limes, grc.itly facilitating a 
left-sided bronchotraeheal anastomo.sis (Fig. 1). In Case 10, an aortic mo¬ 
bilization was not done and the anastomosis to the tiachea wa.s very dillicult. 
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During the traction on the aorta the recurrent nerve was damaged. In this 
case, mobilization of the aorta with a retroaortic anastomosis should have 
been done. 

KKSlJI/rS 

.l/orO//i7i/.—There was no immediate mortality. Two patients, Ca.ses 9 and 
1(), dii-d later, U /2 »nd 1 year after the operation. The main cause of death 
was stenosis at the site of anastomosis. 



Ki},'. —Ci.sf 1« I'liotoKi.uili liuiiion.'.tiiitiiiK t •''‘IV.i and the flist pait of the 

of the entire rltrht luntr nmIo the lower nait of trachea, the caiina. and me 
left main bronchu.s. 


Posloperative Complications.—No special immediate postoperative 
cation was encountered. Two patients of the 16 needed tiae eos omy 
2 other patients it was nece.s.sary to institute closed diainage 01 
time; in one ease due to air leakage, in the other due to an nromnt 

.spite of the surrounding infection, the anastomosis hea e a 
drainage of the infected space. 

The most serious complication Avas a stricture at the site 0 t e anas 
tomosis. In 12 cases a good result Avitli a wide open anastomosis was . 

In these cases no bronchiectasis was found, and the function 
Avas found excellent. 
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Stenosis was encountered in i cases 

1. In Case 15. in which the basal segmental bronchus was anastomosed 
to the main left bronchus, 2 cm. behuv the c.'irin.-i, only a narrow lumen was 
piesent from the beginning. Three seats later, there i.s only a 4 mm. lumen 



Fig 3—Case 16. Diagram of Die resection ulth rml-to-ciitl .inastomO'ti<? of the kft iiuiitt 
bronchus to the trachea. 

down to the basal segments. When the patient gets a cold there are .souinls 
of stenosis on the left side. The patient is negative for the tiibcrele hacilhi.s 
and is working full time. 
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In (iiso I), it Wins exlcemt*ly diflieult to complete tho in-ojidiolraeiioiil 
iin:mtumosis due to tlie l);id (piidity of tlie wall of the lower lobe broiiehu-s 
which was s(tl( and IViiiblo. When the anaslcuuo.sis Wiis completed, the healthy 
parenchyma of the lower lube ventihited well and wiis left in place. After 
d months, the lower lobe wiis completely ateicctiitie due to stricture at the 
iuiastnmosi.s, !dth<»ti,i*li ii suction tul>e could easily ijc pa.ssed down into the lobe. 
The piitient rcfusial re-(ipci'iition allhouL!:!} 1 tricii to convince him that a 
pneumonectomy w:is nccessjiry. After one year he was re-adiuitted for sur-- 
j^ej\ with hjwer lobe iiteicctiisis and extensive bj’onchicctii.si.s. ^Vhilo I'cccivhif^ 
preopei’iitive chemothcriipy, he .suddenly died from hemopty.si.s. The ana.sto- 
mosis AViis nai-i-owed by tulicrculous ijranuhilioiis iuid ulccriition, and the lobe 
Wits (h'stroyed by biamchieclasis. 

d. In Case 4. I'cscction of the rindit upper lobe [dtis the ri^dit main l)ron- 
ehus and a broiicholradical anastomo.sis were performed. The quality of the 
bronchiid wall was ([uestiomdile. The jinastomosis griidmill}' became nar¬ 
rowed. iirobiddy due tr) iin iicute iidhiinmatory reaction in the suture line. 
Thrc(‘ months after the lirst ojieraiion he wms re-o))cratcd upon with the 
c.xpectation of doint; it pneumonectomy. A localixed stricture at tlie anasto¬ 
mosis Wiis found, and this stricture was excised. A new bronchotraclieal 
iinastomosis Wiis performed, makiiifr the .side hole in the traeheii as big as 
possilihn This aiiiistoiiiosis Ims rtmiained wide open for one year. 

4. Ill Ciise Ki. loo mueli tension oeciirred iit the anastomosis between 
traehea and the left main liroiiehus after reseetion of the right Jung ineliuling 
the earina iind jiiirl of the left main bronchus and trachea (Figs. 2 and 3). The 
suture line gave way and <1 long .stricture developed, ro.sistant to dilatation. 
The patient died one year later from the stricture. Autoixsy did not reveal 
any metastiisis. 

All piitients were negiitive on culture for the tubercle bacillus e.xcept one 
((hise 8) in whom the guinea jiig test wiis negative 3 years after resection and 
then turned [losllivc. All Jiving patients were back at work lull time. 

coN’i'iaJsio.v 

Tlicsto exiiericuccs indicate that hronehotracheal anastomosis can be per¬ 
formed wdth ail excellent result aiiastomically and functionally. There is, 
lunvever, a great cUffcreiicc bctw'ceu haiidliiig the left- and the right-sided 
cases. 

Left-Sided Cases.—A direct anastomosis between the left main hronehus 
and the traehea, as in Case 1(5, cannot be performed wdthout considerable 
tension. 'I'lie tracheobronchial tree is stretched over the aortic arch and too 
ULUch tension may cause ruiiture of the anastomosis wdtli. stricture, luuthei- 
more, the continuous hammeriug of the aortic pulsations on the ovevstretched 
iracheol>roueliial tree may cause degeneration and softening of the bronchial 
cartilages and stricture. In Case 9, in which the anastomosis became .stenoseci 
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resulting in an atelectasis in a few mouths after operation, there was no dis- 
I'uiJtion of the anastomotie line. At autopsy, the cause of stenosis was found 
to be progression of the tuberculous endobronchitis with ulceration and 
tuberculous granulations at the anastomosis. 

From these experiences the following conclusions may bo drawn concern¬ 
ing left-sided bronehotraeheal anastomosis; 

1. As there will always be some tension at the anastomosis, a broncho- 
tracheal anastomosis should only be performed on a healthy bronchus with 
strong cartilages. 

2. If an ideal local result is not obtained, one should not hesitate to do 
an immediate pneumonectomy in spite of all previous efforts to save lung 
tissue. 



Fig 4.— A, Case C. Diagram of the bronchial resection which saved the right upper lobe under 
an old ll-rib thoracoplasty resulting in 15 per cent oxygen uptake on that side. 

3. If late atelectasis occurs after some months and there is no complete 
stricture at the anastomosis, it is due to degeneration of cartilages in the 
bronchial wall or to a tuberculous endobronehitis. As there is no possibility 
of domg a reveseetion with a new anastomosis iu healthy bronchial wall, a 
total resection of the remaining lung should be done, once the coiiditiou is 
diagnosed. 

Bight-Sided Cases .—On the right side where no interference is presented 
by the aorta, the principle of handling these eases is completely different. 

In Case I, a stricture was found at the anastomosis which was due to a 
local inflammatory reaction. Tbei-efore, at re-operation, the stenosed anasto¬ 
mosis could be resected and a new junction made to a large hole iu the side 
of the trachea. Ilere it was important to make tlie tracheal hole largo and 
to excise peripherally in healthy bronchial tissue. Due to the absence of the 
aorta, more tension is allowed on the suture line on the right .side. 
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It Is iiiipoitiiiit to icali/G tlicit A good ic&ult iii^y bo obt lined by bionclio 
tuicbcal nnastomosib \mdci an old Hub tlioxacophsty as. iii Case 6, m whom, 
attei anastomosis of the light upper lobe to the tiaehoa, theie lemaiiied an 
O'JBtn uptake of 10 pci cent on the light side 4 yiais atter the opeiation 
(Figs 4, .1-0 


suini vR\ 

A iciiew of the icstills m lb Inonehotraeheil anastomoses shons that m 
9 left sided cases, stenosis oetuiitd m 9 instances In one of these the luptiue 
of the anastomosis and the dogenei itioii of caitil ige was asciibed to the con 
tinuous hammeiing of the loit i on the tense and oi erstretehed bionehotiaeheal 
segment The seeondaij itdutasis should be tieated by lesection of the 
remaining lung 

On the light side, i bionihoti leheil m istomosis in 7 eases lesiilted in 
only one stiietuie This was eonsideied due to m iiiflaminatory leaetion, as 
the anastomosis was made in disc iscd bionehiil tissue A le leseotion in 
healthy tissue with a new bionehoti nlical anastomosis gaao an excellent 
losult ill spite of the luonounud tiiision on the sutuie line at the time of 
suigcrj 


licitui Nets, 
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INTESTINAL DUPLICATION CYST OF ABDOMINAL 
ORIGIN PRESENTING IN THORAX 

Report of a Case 

Harold C. Sl)ear, DeWht C. Daughtry, MD., and 

John G. Chesney, AID., M/atn/, Fla. 

I X J950, (I’ross, Neuhausei’, and Lon<,dno^ reported their experiences with 3 
unusual eases ol‘ intestinal diverticula wiiieh originated from duodenum or 
jejunum, extended througli small hiatuses in the right crus of tlie diaphragm, 
and expanded within the thorax to present as large C 3 ’stic masses. It is our 
purpose in this communication to report an additional e.xample of an intestinal 
diYorticuluiu which extended through the right diaphragm to present as a large 
cj'stie ma.ss in the right licmithora.x. 

The .s.vmptoms produced li\’ the.se diverticula, all of which were discovered 
during infanc}', were I’elated either to the compression etlects of a large space- 
occupying lesion on the cardiorespiratory system or to the digestive action of the 
acid gastric juice secreted In* the lining cells. In each of the 3 cases reported, 
the stalk of the diverticulum wa.s a patent process which communicated with 
the duodenum or jejunum. Accordingl.v, in 2 of the 3 cases, cliest x-raj' stud}’’ 
revealed the thoracic diverticulum to contain both air and fluid; in the third 
ease no air was noted. Also, barium was observed to enter the diverticulum in 
one case. Treatment in each case consisted of excision of the diverticulum, 
employing both thoracic and abdominal approaches. Our case represents a 
variant from the 3 cases reported in that the stalk of the diverticulum was not 
patulous and we were able to accomplish total excision b}’’ a right thoracic ap¬ 
proach alone. 


CASE UEPOUT 

It. B., iv .'t-\veek-ol(l white mule infant, was referred to us on Aug. 13, 1958, with the 
chief complaint of epismies of eougli, dyspnea, and cyanosis of 3 or 4 days’ duration. Ilis 
parents ob.served that he had had a harsh cough ciisentially since birth, and that this had 
increa.sed in frequenc.y and .severity. The cough wa.s not always related to feedings; but he 
did not take hi.s feedings normally and frequently regurgitated. During the past 3 to 4 
days, the patient had developed paro.xysmal epi.sodcs of cough and respiratory difficulty asso¬ 
ciated with cyanosi.s. A chest x-ray was taken on Aug. 12, 1958, which revealed a large 
rounded ma.ss located in the po.sterior portion of the right hemithorax (Fig. 1). The patient 
was hospitalized for further diagnostic study. Family history was significant in that a 
sister had had a .sacrococcygeal teratoma. 

Physical examination revealed a fairly well-developed and well-nourished white male 
infant who was subject to paroxysin.s of coughing, occasionally associated with respiratory 
distress and cyanosis. Examination of the chest revealed symmetrical expansion without 
evidence of intercostal retraction. Although there was no respiratory stridor, there were both 
inspiratory and expiratory wheezes audible over both lung fields, but accentuated on the right 
side, which were suggestive of respiratory obstruction. The heart was normal and the re¬ 
mainder of the physical examination was unremarkable. 

From the Department of Surgery, University of Miami School of Meilicine. Miami, Fla. 

Received for publication Nov. 17, 1958. 
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Koutine laboratory studies, including compicto blood count, urinalysis, and an electro* 
cardiogram, ucro witlim normal limits. Barium swallow under fluoroscopy* re\caled tbo 
esopliagus to be midlinc, not deviated or iinxiinged upon by tlie large posterior thoracic 
mass The mass itself occupied tlio lower two thirds of tho right posterior Jiemithorax It 
was not pulsatile No barium entered the moss. Several anomalous vertebrae were noted 
botli in tlie upper and mid thoracic spme. 



A B 

Fig" 1 —A and B illustrate large rounded mass located m tho right posterior chest 


Because of the posterior location of the mass and the adjacent anomalous thoracic 
vertebrae, a pantopaque rayelogramt was jicrformed to exclude tho possibility of an intra 
thoracic meningocele This study failed to demonstrate any communication between the 
subdural space and tho thoracic mass, nor was any defect noted witliiu the sinnal canal 
In order to delineate tho lesion a little more clearly, PA and lateral laminograms were made 
These showed the mass to be discrete from the cardiac shadow 

Operation was undertaken on Aug. 15, 1958, under general anesthesia with endotracheal 
intubation Right thoracotomy was performed through the fifth intercostal space Upon 
opening tho pleural space, an extremely tense, pear shaped cystic mass was encountered, 
firmly attached to the posterior thoracic wall and covered by parietal pleura The mass had 
apparently compressed the right lower lobe from birth, as this lobe was totally atelectatic 
in the rubbery cariufied manner of fetal atelectasis Tlie m iss extended to the upper tliird 
of the right hemithorax and was fiimly mcUored to the posterior gutter ami adjacent vertebr' 
column The pleura was incised about the upper margin of tho miss .ind retroirrado ' 
tion was earned out There were miuy small blood vessels entering the 
thoracic panetes As the mass was dissected infenorly tOwar'^ tho di 


•Performed b> Dr Rayniontl D Parks 
tPerformed by Dr. Robert S Tolmacli^ 
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Tn 19o 0, Gross, Nculiaiuscr, and Longino^ i-eported tlieir experiences with 3 
1 unusual cases ol intestinal diverticiila which originated from duodenum or 
jejunum, extended tlirough small hiatuses in the right crus of the diaphragm, 
and expiuidcd within the thorax to present as large cystic masses. It is our 
purpose in this eommunieation to report an additional example of an intestinal 
diverticulum which extended through the right diaphragm to present as a larj 
cystic ma.ss in the right hemithorax. 

The symptoms produced hy these divertieula, all of which were discovered 
during infancy, Avere related either to the compression effects of a large space- 
occupying lesion on the eardiorespij’atory system or to tlie digestive action of the 
acid gastric juice secreted hy the lining cells. In each of the 3 cases reported, 
the stalk of the diverticulum was a patent proee.ss which communicated Avith 
the duodenum or jejunum. Accordingly, in 2 of the 3 cases, chest x-ray study 
reA'oaled the thoracic diverticulum to contain both air and fluid; in the third 
ease no air avus noted. Also, barium was observed to enter the diverticulum in 
one ea.se. Treatment in each case consisted of excision of the diA-ertieuhirn, 
employing both thoracic and abdomimil approaches. Our case represe 2 its a 
variant from the 3 cases reported in that the stalk of the diverticulum Avas not 
patulous and we Avere able to accompli.sh total excision by a right thoracic ap¬ 
proach alone. 


C.ASE REPORT 

R. B., a 3-wcek-old white male infant, was referred to us on Aug. 13, 195S, with the 
chief complaint of episodes of cough, dyspnea, and cyanosis of 3 or i days’ duration. His 
parents observed that he had had a hur."-!! cough e^sentially since birth, and that this had 
inercased in frwjuoner and scAvritv. Tlio cough iv.'ls not always related to feedings; but he 
did not take his feeding.s iiorniariy and freiiuonfly regurgitated. During the past 3 to 4 
days, the patient had developed paroxy.smal cpi.'^odes of cough and respiratory difficulty asso¬ 
ciated with cyanosis. A chest x-ray was taken on Aug. 12, 19oS, ivliich revealed a large 
rounded mass located in the posterior portion of the right hemithorax (Fig. 1). The patient 
was hospitalized for further diagnostic study. Family history was significant in that a 
sister had had a sacrococcygeal teratoma. 

Physical examination revealed a fairly well-developed and well-nourished white male 
infant who was subject to paroxysms of coughing, occasionally associated wdth respiratory 
distress and cyanosis. Examination of the chest revealed synuuetrical expansion without 
evidence of intercostal retraction. Although there was no respiratory stridor, there were both 
inspiratory and expiratory wheezes audible over both lung fields, but accentuated on the right 
side, which were suggestive of respiratory obstruction. The heart ivas normal and the re¬ 
mainder of the physical examination was unremarkable. 
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Routmo laboratoo studies, including complete Wood count, unnabau., 
cardiogram, iicre luthin iiormul limits. Barium sivalloiv under fluoroscopy revealed 
eso„li.fgus to lie niidliiio, not doviitod or imiiinged upon by the largo posterior thoracic 
iiuiL The mass itsoU occupied tlio lower two thirds o£ the right posterior liemitliorax It 
was not pulsitilc. No barium entered the mass. Several anomalous vertebrae were noted 
botli III tlio upper uiul mid thoracic spine 



A 


U 


Fig 1 —A and 3 Illustrate large loundtd mass located In the right posterior chest. 


Because of the posterior location of the mass and the adjacent anomalous thoracic 
\ertebrae, a puitopique iiijtlogramt nas performed to exclude the possibility of an intri 
tlioracic meiuiigotelo This studj failed to demonstrate any communication beta ecu the 
subdurnl space and the thoracic mass, noi \>as any defect noted nithin tlie spinal canal. 
In order to delineate the lesion a little more clearly, PA and lateral laminograms were made 
Tliese showed the mass to bo discrete from the cardiac shadow 

Operation was undertaken on Aug. 15, 1958, under general anesthesia with endotracheal 
intubation Eight thoracotomy was performed through tlic fifth intercostal space Upon 
opening the pleural space, an extremely tense, pear shaped cystic mass was encountered, 
finnlj attached to the posterior thoracic wall and coiered by parietal pleura The mass had 
apparent!) compressed the right lower lobe from birth, as this lobe was totally atelectatic 
m the rubbery carnified manner of fetal atelectasis The in iss extended to tlie upper third 
of the right hemithorax and was firmly ancliored to the po<iterior gutter and adjacent vertebral 
column The pleura was incised about the upper margin of the mass and retrograde dissee 
tion was earned out. There were many small blood vessels entering the cjst wall from tlie 
thoracic panetes As the mass was dissected mfenorly toward the diaphragm, it was noted 


•Performed b> Dr Raymond V Parks 
TPerformed by Dr Robert S Tolmacb. 
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to tiiper HI the iniiniier of u pour. It wiw so tensely distended uinl .so tliin-walled tliat it 
ruptured as it wa.s rotraeted, releasing' about 100 e.c. of glistoiiing viscid mucoid material 
Followinjj tills decompression, it was a relatively simple matter to continue to free the cyst 
down to tlic diaphragm. At this point, the cyst narrowed further and extended through a 
small hiatus in the diaphragm between the right crus and the posterior thoracic wall. The 
margins of this hiatus were densely adherent to the cyst wall. After dividing the.se adhesions, 
the margins of the hiatus were retracted anteriorly and traction was applied to the cyst wall, 
thereby o.xposing a tapering peduncle e.vtending downward into the retroperitoneal tissues. 
A small rubber catheter was passed into the cyst through the point of rupture in order to 
dctinc the limits of the jiro.ximal end which was found to terminate blindly about 2 cm. 
below the diaphragm. I rom this point, a stalk-like process continued inferiorly to terminate 
in the region of the retroperitoneal duodenum, near the superior mesenteric ve.sscls (Fig. 2). 


Duplication 
cyst in chest 


Opening in 
right crus of 
diaphragm 


Blind stalk 



Heart 


Fijf. 2.—Diagrammatic re|)re.sentation of the the vSnity 

through the right cru.s of the lUaiihragm and its origin from the duodenum m tt 
of tile .superior me.senteric vessels. 


The cyst was amputated through its stalk and the specimen was then injected with same 
solution in order to confirm the presence of a blind proximal end. After the pioxima en 
was indeed found to be watertight, attention was turned to the small hiatus thiougi w iic i 
the cyst had traversed tho diaphragm. This hiatus was located to the right of the vertebral 
column, cpiitc distinct from tho esoidiageal hiatus, and hud no posterior rim of tissue whic i 
could be used for repair. However, after removal of the cyst, tho hiatus became so^ small 
that it did not seem necessary to carry out any typo of plastic repair, particularly since it 
led only into the retroperitoneal space rather than into the peritoneum propel. 

The previously totally atelectatic right lower lobe was tliou partially biflated by the 
continuous application of positive pressure insufflation. A small radiopaque catheter was 
brought out through a stab wound inferiorly in tlie midaxillary line and was connected to a 
subaqueous drainage system, after wiiich chest closure was carried out. 

Postoperatively, the infant made an entirely uneventful recovery. Chest films on 
Aug. 20, 1958, revealed the right lung to be completely expanded. Ho was discharged 
home on’ the tenth postoperative day, entirely free of symptoms. 
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Study of tijo excised speciiuen rc\ca?ed an iiitestinul cyst consisting’ of an outer layer 
of longitudinal and an inner layer ot circular muiiclc, %vitli a ell-delined subinucosa and 
imiscularis mucosa. The mucosal lining contained both gastric and intestinal secretory 
elements (Fig. 3). 

DISCUSSION 

Oiu’ eii.se eoiifornis to tlie 3 eases previously reported in wliich a cystlike 
diverticulum ai-ose from the small intestine by a slender stalk and traversed 
the right diaphragm through a small hiatus to present as a large cystic mass 
in the thora.\. In oui' ciisc, there was no fiee eommunication between the 
divertieulum and the intestine from which it arose because tiio proximal end 
of the stalk wii.s not patent. Our patient (age 3 weeks) was considerably 



(-.nTmrrnT::!:;) 
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Fie 3 —The cyst has been openeS longltuOmally to reteal the sllstenine mucosal 
lining anil the rugal pattern at the proximal (smaller) cnU. A small projection of the re¬ 
tracted blind stalk can also be visualized. 


younger than those previously reported (ages 3i/^ months, 4 months, and 4 
years) and was operated upon as semi-emergency, once the diagnostic studies 
had been completed, in view of the progressive nature of the paroxysms of 
cough, respiratory distress, and cyanosis. We surmise that the progres.sive 
nature of the symptomatology rel.ited to the secretion of gastric and inte.stinal 
juices under mounting tension with resultant expansion of the cyst wall and 
increasing corapre.ssion effects. A specimen of the contained secretion was 
found to exhibit no tryptic activity, but, through an error, was not tested for 
acidity. However, the cyst wall showed no evidence of the ulceration or intcn.se 
inflammation which one might anticipate if acid and pepsin were present. 

Eadiologieally, theie aijpeared to he a solid space oeeuiiying mass in the 
right posterior thorax. A ditfereutial diagnosis of nciiroiilustoina or some other 
variety of neurogenie tumor, internal meiiiiigoecle, In'L’’”tingcnij,^-^ esophagi'-’ 
duplication cyst, teratoma, and intrapulmonary li ' ■ .sidci 
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III \iew of tlie configuration of the mass and the absence of contained air, the 
diagnosis of diaphragmatic hernia of Bochdalek foramen variety was not 
seriously considered and did not confound the problem as it did in the first 
case seen by Gross and liis associates. In our ease, as in 2 of the 3 previously 
reported, there were anomalies of the vertebral column. 

In the present case, there was no que.stion as to the appropriate surgical 
apijroach. Fortunately, the entire cyst could be excised from the right thoracot¬ 
omy approach although a portion of the stalk was left behind. As Gross, 
Xeuhauser, and Longino have pointed out, when symptoms are due to com¬ 
pression of the thoracic structures, thoracotomy and excision of the intra- 
thoracie portion of the intestinal diverticulum alone will suffice. When, how¬ 
ever, symptoms are due to aeid-pcptic digestion with inflammation, ulceration, 
and hemorrhage, excision of the entire anomalous .structure is advisable. As 
illustrated in Case 3 reported by Gross and co-workeis, and by our cui’rent 
report, even in these instance.s, right thoracotomy approach alone may suffice. 

In cases presenting theimselves during early infancy, we feel that operation 
should be restricted to thoracotomy alone. If an abdominal approach becomes 
necessary, it should be carried out at another operation. 

The atelectatic lower lobe in this ease, as in many cases of Bochdalek 
hernias in the newborji a.ssociated with fetal atelectasis, partially responded to 
continuous insuffiation at the time of .surgery and went on to complete e.xpansion 
during the postoperative period. 

.SUM.^I.VKY 

j:Vn additional case is reported of a diverticulum origmating from the 
small intestine and traversing the right diapliragm to present in the right thorax 
as a large cystic mass which compi’cssed the thoracic structures to produce 
symptoms of cough, re.spiratory difficulty, and cyanosis in a 3-week-old infant. 
UnlilvC the 3 previously reported cases in which the thoracic diverticulum was 
in open communication with the small intestine, in the present case the cystic 
lesion was attached to the small intestine in the region of the retroperitoneal 
duodenum by means of a blind stallc. Operative approach was by right 
thoracotomy. The cyst -was found to have produced total atelectasis of the right 
lower lobe. Fortunatelj', the entire cyst, together with its subdiaphragniatie 
extension and a portion of the stallc, could be excised from the thoracotomy 
approach, tliercby averting the possibility of a secondary abdominal operation. 

Tliis anomaly is essentially an intestinal duplication which retains connec¬ 
tion, either open or closed, Avith its point of oi’igin from the small intestine but 
which is sequestered in the thorax by the formation of the diaphragm. It is 
another of the long list of anomalies producing serious symptomatology in in¬ 
fancy Avliieh, if recognized and appropriately extirpated at an early stage, is 
amenable to complete and brilliant cure. There have been no fatalities in the 
cases reported to date. 
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